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FOREWORD 

This  report  was  prepared  by  the  MRD  Division  of  the  General  American 
Transportation  Corporation  (GATC),  Riles,  Illinois  -  to  summarize  the  work 
accomplished  under  Contract  DA  18-1C8-CML-7006  for  the  development  and  con¬ 
struction  of  an  instrument  to  cample,  record  and  integrate  airborne  particu¬ 
lates  being  inhaled  aid  exhaled  by  experimental  subjects.  This  work  was 
initiated  while  the  MRD  Division  was  part  of  the  American  Machine  &  Foundry 
and  named  the  Mechanics  Research  Division.  On  1  September  1962  this  Division 
was  purchased  by  GATC  and  renamed  the  MRD  Division;  Contract  DA  18-108-CW.- 
7006  was  included  in  the  sale . 

The  work  reported  herein  was  initiated  or.  22  December  1961  and  completed 
on  15  May  I963.  Mr.  C.  L.  Punte  of  the  U.  S.  Army  Chemical  Research  and 
Development  Laboratory  served  as  Project  Officer  for  this  contract.  The 
authors  sincerely  appreciate  the  technical  advice  and  guidance  provided  by 
Mr.  Punte,  and  the  assistance  of  Mr.  E.  L.  Cooper  cf  MRD  in  designing  the 
electronic  portion  of  the  Inhalation  Aerosol  Dosimeter  developed,  constructed 
and  then  installed  at  the  Army  Chemical  Center,  Maryland. 

This  report  is  cataloged  by  the  General  American  Transportation  Corpora¬ 
tion  as  Report  MRD  llSl-70. 
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An  Inhalation  Aerosol  Dosimeter  capable  of  continuous  measurement  and 
monitoring  of  respiratory  retained  amounts  of  aerosols  has  been  developed. 

The  instrument  is  capable  of  measuring  and  monitoring  concentrations  of  aerosols 
in  the  range  of  several  hundred  to  fev  micrograms  per  liter  of  air,  and  in  the 
particle  size  range  from  10  microns  to  any  submicron  size  range  desired. 

laboratory  studies  of  various  aerosol  sensing  concepts  were  made.  These 
studies  lead  to  the  selection  of  the  hydrogen  flane- ionization  principle  as 
the  optimum  method  from  the  standpoint  of  reliability  and  sensitivity. 

A  novel  version  of  a  dual  hydrogen  f Jane- ionization  detector,  operating 
under  .lightly  reduced  pressure  has  beer,  designed  and  built  in  this  laboratory. 
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SECTION  1 


INTRODUCTION 

1.1  Program  Objectives 

The  objective  of  this  program  was  to  develop  an  instrument  that  would 
continuously  measure  and  record  the  amounts  of  aerosols  that  are  retained  "by 
man  within  his  respiratory  tract  in  the  course  of  breathing  aerosol  laden 
air.  The  specific  requirements  set  out  in  the  contract  were  as  follows: 

J»)  The  canceling  rate  at  the  roint  of  inhalation  and  exhalation  should 
be  1  to  5  liters  per  minute,  taking  into  account  the  subject's  respiratory 
volume  (0.5  to  3  liters),  respiratory  rate  {'j  to  30  per  minute),  and  respiratory 
tidal  volume  (20C  to  1000  cc  ). 

(b)  Airborne  particle  size  i,c  be  sampled  are  0.2  to  10  micro: s  in 
diameter. 

(c)  Aerosol  concentrations  to  be  U. haled  arc-  10  to  200  nicrograms-per- 
liter  ar.d  exhaled  are  1  to  200  aieregrams- per- liter. 

(d)  Type  of  particles  to  be  sampled  are  either  liquid  or  solid. 

(e)  Aerosol  impaction  and  deposition  on  inlet  and  outlet  valves  must 
be  negligible. 

(f)  The  instrument  should  provide  a  constant  record  of  retained  dose 
administered  {O.OOl  to  10  mgs). 

(g)  The  instrument  response  should  be  within  10  seconds. 

The  tasks  set  out  by  MRD  to  attain  these  objectives  were  as  follows: 

(1)  Determine  the  most  effective  technique  for  measuring,  monitoring, 
and  recording  aerosol  content. 

(2)  Prove  out  the  selected  components  and  the  entire  system  by  testing. 
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(3)  Design  and  fabricate  an  instrument  that  operates  on  the  selected 
principle,  using  proven  components. 

(b)  Test  the  instrument  in  the  manner  prescribed  by  CRDL. 

1.2  Background 

The  prior  methods  (Reference  loused  for  measuring  and  monitoring  the 
quantity  of  aerosols  retained  by  mar.  within  his  respiratory  tract  were  based 
upon  periodic  measurement  of  the  concentration  of  the  aerosol  in  the  inhale 
stream,  allowing  the  subject  to  breath  this  aerosol  laden  air  for  certain  periods 
of  time,  and  then  measuring  L:ie  total  amount  of  aerosol  exhaled  by  the  Subject. 

On  this  fcusis  it  wus  tentatively  possible  to  establish  the  dosage  of  the  aerosol 
retained  by  the  test  subject. 

The  inhale  concentration  was  measured  by  scrubbing  a  portion  of  t:»e  inhaled 

air  (measuring  the  volume)  and  then  analysing  Uie  content  of  the  aerosol  colori- 

metrically.  The  total  amount  of  aero.xO  exhaled  was  determined  by  placing  an 

electrostatic  precipitator  on  the  erhsue  tide  and  then  analyzing  the  content  of 

-xy 

aerosol  by  the  same  colorimetric  wetWl.  The  volume  of  air  inhaled  war,  measured 
with  the  aid  of  a  spirometer. 

With  this  setup  it  was  a  rather  lengthy  procedure  to  administer  a  predetermined 
dose  of  the  aerosol  to  the  test  subject,  and  this  problem  lead  CRDL  to  seek  the 
development  of  an  advanced  version  of  an  Inhalation  Aerosol  Dosimeter  (IAD). 

The  concept  originally  proposed  by  MRD  was  based  upon  the  utilization  of 
thermal  conductivity  piincipies  as  the  aerosol  sensing  method. 

*  See  page  b3  "" 

*-*BroE8ulphalein  (BSP)  aerosol  vas  used  throughout  in  the  tests  and  its 
concentration  was  measured  at  580/U.  ir.  alkaline  solution. 
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The  overall  Inhalation  Aerosol  Dosimeter,  as  originally  proposed  by  MRD  is 
shown  in  block  diagram  in  Figure  1,  At  that  time  it  was  also  planned  to  use  a 
sampling  valve  to  take  samples  of  the  "inhale"  and  "exhale"  air  and  sweep  it  into 
the  analyzer  by  a  carrier  gas.  A  conceptual  design  of  the  sampling  valve  is 
shown  in  Figure  2. 

The  aerosol  was  to  be  generated  externally  and  supplied  into  the  IAD.  The 
sampling  valve  is  actuated  by  a  sensitive  pressure  switch  and  identical  samples 
(on  the  basis  of  volume)  are  injected  simultaneously  after  preheating  into  the 
detector  cell.  Two  signals  are  picked  up  by  the  attenuator,  one  of  the  signals 
is  inverted  and  opposed  to  the  other.  The  resulting  signal  is  fed  into  the 
recorder;  it  is  integrated  and  read  out  digitally.  At  the  sane  tire  the  cumula¬ 
tive  amount  of  aerosol  retained  is  eslablislied  by  coordinating  this  signal,  with 
"that  representing  the  actual  volume  oJ'  air  inhaled.  While  in  the  course  of 
developing  the  instrument  seme  Ganges  were  made,  the  original  concept  of  the 
overall  dosimetry  system  as  shown  in  Figure  1  lemained  the  same. 
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Figure  2  CONCEPTUAL  DESIGN  OF  SAMPLING  VALVE 


SECTION  2 


ECmmiKO  SURVEY 

The  purpose  of  this  survey  was  to  determine  the  best  and  most  practical 
detection  techniques.  Thermal  conductivity  was  the  most  likely  detection 
technique  as  indicated  in  the  Introduction  and  thus  is  discussed  first;  sub¬ 
sequently  hydrogen  flame- ionization  and  other  methods  are  discussed. 

2.1  Thermal  Conductivity 

The  thermal  conductivity  cell,  better  known  by  the  name  of  katharometer 

vas  first  introduced  by  Shakespsur  (Reference  2).  It  was  designed  primarily 

for  the  measurement  ol‘  the  concentration  of  various  gases  or.  the  basis  of 

their  difference  in  thermal  conductivity.  Its  widest  application  is  made  in 

gas  chromatography.  With  tine  many  improvemc-On  were  made;,  and  currently 

commercially  available  ka'.hurow.l  •  re  are  capable  of  measuring  samples  in  the 
.7  -8 

range  of  10  1  to  10  grans. 

2.1.1  Theory 

The  operation  of  a  katharometer  is  based  upon  comparing  the  thermal  con¬ 
ductivity  of  an  unknown  gas  with  that  of  a  standard  or  reference  gas  by 
measuring  charge  in  electrical  resistance  as  a  function  of  temperature  as 
shewn  in  Figure  3*  As  the  thermal  conductivity  cf  the  reference  gas  is  known, 
it  ic  a  simple  matter  to  calculate  the  absolute  conductivity  of  the  unknown 
gas  from  (a)  the  measured  relative  conductivity  and  (b)  the  known  absolute 
conductivity  of  the  reference  gas.  Figure  3  shows  two  similar  current- heated 
filaments  in  two  similar  cells,  and  two  similar  inert  resistances.  These  two 
elements  are  connected  to  a  Wheatstone  bridge.  If  the  reference  cell  contains 
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Figure  3  PSHICIPiF  OF  THE  OPERATIC*!  OF  A  KATHhSOHEUSS 

air  and  the  sample  cell  contains  a  gas  having  a  different  themai  conductivity, 
the  two  hot  wires  will  not  bo  at  the  sane  temperature;  and  they  will  not  have 
the  same  resistance.  The  temperature  difference  will  be  inversely  proportional 
to  the  t hemal  conductivity  or  the  gas  for  a  given  power  input  to  the  hot  wire. 
A  good  rule  is  tbit,  the  thermal  conductivity  of  the  gas  varies  inversely  with 
its  density;  for  example,  the  lightest  gas,  hydrogen,  has  the  highest  thermal 
conductivity.  The  bridge  then  will  become  unbalanced  tc  an  extent  depending 
or.  the  difference  in  conductivity.  The  extent  to  which  the  bridge  becomes 
unbalanced  vill  depend  also  on  the  percent,  composition  of  the  sample,  and  the 
scale  on  the  indicator  can  be  calibrated  in  terns  of  percent  composition. 
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The  Wheatstone  bridge  is  universally  used  in  kat  barometers.  Hoe  use  of 
four  active  filaments,  such  as  shown  in  Figure  It-,  increases  the  sensitivity  to 
a  given  change  in  composition.  These  filaments  are  matched  for  temperature 
coefficient  of  resistance,  and  are  usually  of  tungsten  or  platinum. 

It  is  not  always  necessary  to  know  the  absolute  thermal  conductivity  of  the 
unknown.  Often  it  is  desired  to  know  the  difference  in  thermal  conductivity 
'produced  by  a  given  change  in  the  composition  of  the  mixture.  This  difference 
can  be  established  empirically.  It  is  this  change  in  aerosol  concentration 
between  the  "inhale"  and  "exhale"  side  of  the  breath  that  is  basic  in  tlie 
Inhalation  Aerosol  Dosimeter.  This  change  represents  the  amount  of  aerosol 
retained  by  the  test  subject. 

2.1.2  Application 

The  quantity  of  heat  conducted  by  a  gas  varies  with  the  nature  of  the  gas, 
extending  from  poorly  conducting  (having  one-fifth  the  conductivity  of  air)  to 
hydrogen  (having  seven  times  the  conductivity  of  air).  Gas  and  vapors  of  any 
conductivity  between  these  two  extremes  can  be  analyzed  accurately  by  proper 
selection  of  the  reference  gas. 

The  simplicity  of  operation  of  the  katharotneter,  and  expecially  the  commercial 
availability  of  cells  capable  of  operating  at  h-5C°C  lead  to  the  selection  of  this 
method.  As  shown  in  Figure  2,  a  predetermined  volume  of  both  the  inhaled  and 
exhaled  air  was  to  be  collected  and  held  within  the  specially  designed  sampling 
valve  and  then  simultaneously  injected  into  the  kat barometer.  Since  the  same  carrier 
gas  was  to  be  used  and  all  the  other  variables  were  held  constant,  the  signal 
obtained  from  the  cell  would  be  directly  proportional  to  the  difference  in  concen¬ 
tration  of  aerosol  in  the  two  samples. 

It  was  further  believed  that  non- vaporizable  aerosols  ir.  the  micron  and 
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Figure  4  FOUR  FILAMENT  CELL  AND  ITS  BASIC  CIRCUIT 


submicroa  particle  size  range  vould  affect  the  hot  filaments  in  a  similar 
manner  as  the  gaseous  substance. 

A  katharoaeter  capable  of  operating  at  4-50°C  was  purchased  from  Gow-Mac 
Instrument  Co.,  Madison,  N.  J.  to  verify  the  above  assertions.  Hie  experimental 
results  obtained  are  discussed  in  3ection  3. 

2.2  Hydrogen  Flame-Ionization  (SFl) 

2.2.1  Theory 

Gases  burning  in  a  flame  become  sufficiently  hot  for  a  small  proportion  of 
the  molecules  to  acquire  sufficient  energy  to  ionize  and  to  give  the  flame  an 
electrical  conductivity.  When  an  organic,  vapor  enters  the  flame,  the  conductivity 
becomes  greater  and  the  increase  in  conductivity  may  be  measured  and  recorded. 

Tills  is  the  basis  of  die  hydrogen  [Game -ionization  detector. 

At  least  two  reasons  have  been  suggested  for  the  inc-ease  in  conductivity. 

One  is  that  the  ionization  is  purely  a  result  of  the  high  temperature  in  the 
flame,  and  that  organic  compounds,  having  smaller  ionization  potentials  than 
hydrogen,  produce  more  ions  at  a  given  temperature  than  does  iijdrcgen  (Reference  3)  • 
Another  is  that  particles  of  carbon  formed  in  the  flame  have  a  small  work  function, 
and  thus  supply  a  large  number  of  electrons  to  the  flame  (Reference  4).  However, 
neither  of  these  explanations  are  adequate  to  account  for  the  observed  conductivity, 
as  the  ionization  efficiency  of  the  hydrogen  flame  is  small,  and  it  has  been 
quoted  as  0.01  to  0.0551  (Reference  5)  and  in  many  cases  even  smaller  than  this. 

Figure  5  shows  the  basic  circuit  of  the  flame  ionization  detector.  BFI  has 
found  widest  application  in  gas  chromatography  where  the  effluent  from  the  chroma¬ 
tographic  column  is  passed  into  the  flame  whose  electrical  conductivity  is  being 
measured.  The  simplest  arrangement  is  to  use  the  metal  Jet  as  the  cathode  and  the 
screen  (orrod,  or  ring)  above  the  flame  as  the  anede. 
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F j  t;>J  iv  5  BAST 3  CIRCUIT  OF  HU  DETECTOR 

The  voltage  applied  Kros;,  the  florae  is  usually  200  to  300  volts  DC.  This 
provides  saturation  voltage,  (hat  is,  all  available  ions  arrive  at  the  electrodes, 
so  that  Further  increases  in  voltage  do  not  increase  the  current.  The  design  of 
the  detector  should  be  such  that  the  negative  electrode  (the  flame  jet)  should 
not  become  too  hot,  as  it  may  erait  thermal  electrons  which  raise  the  background 
conductivity,  and  raise  the  noise  level.  This  may  happen  if  a  snail  metal  jet 
of  low  heat  capacity  is  used,  or  if  the  collector  is  extended  too  far  into  the 
flame.  Another  important  factor  is  that  the  electrodes  should  not  be  too  far 
away  from  the  flame,  or  the  ions  will  recombine  before  reaching  it,  so  that  the 
current  will  be  too  small. 

14 

The  resistance  of  the  hydrogen  flame  is  generally  of  the  order  of  10  ohms, 

-12 

and  the  current  through  the  cell  varies  from  the  order  of  10  amp  background 
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current  to  shout  10  amp  on  maximum  signal.  Different  authors  using  different 
detector  designs  give  remarkably  similar  figures  for  the  limit  of  detection, 
l.e.j  the  concentration  equivalent  tc  noise.  This  limit  appears  to  be  about  1 
in  10^  moles  for  substances  in  hydrogen  (References  6,  7,  8). 

The  background  current  produced  by  the  pure  hydrogen  flame  Is  proportional 
tc  flow  rate  of  hydrogen,  and  thus  variation  in  the  flow  rate  appears  as  back¬ 
ground  noise  and,  in  practice,  it  appears  that  this  factor  determines  the  noise 
(Reference  7)- 

Ongkiehog  (Reference  V)  gives  she  following  relation  between  the  vapor 
concentration  equivalent  to  the  noise  produced  by  uneven  flow: 


where  A  =  vapor  '-oncr-ist. ration  equivalent  to  noise 

S  -  rerpor.ce  of  vapor  lump  gram  1  second) 

Sh  =  response  or  pure  hydrogen  (amp  gram"'1’  second) 

calculated  from  background  current  of  pure  hydrogen  flame 

-  hydrogen  flow  rate 

?  =  carrier  gas  flow  rate;  F  if  hydrogen  is  the  carrier 

®  gar.  and  r,o  mixture  is  made 

d  =  flow  fluctuation  in  proportion  to  total  flow 

The  linearity  of  the  detector  is  claimed  to  be  from  about  10” ^  moles  (limit 
of  detection)  to  a  Maximum  concentration  of  about  5  *  10  ^  moles  (Reference  9), 
or  a  dynamic  range  of  about  10°.  A  high  impedance  amplifier  is  used  to  amplify 
the  resulting  signal. 

2.2.2  Application 

The  application  of  HF1  for  the  detection  and  measurement  of  aerosols  appeared 
to  be  straightforward.  Either  the  aerosol  could  be  vaporized,  as  discussed  in 


Section  2.2.1,  or  the  aerosol  particles  could  he  brought  directly  into  the  flame 
and  allowed  to  ionise.  It  has  been  reported  (Reference  6,  10)  that  the  flame 
is  extremely  sensitive  to  fine  dust  particles  so  that  both  ccabustion  air  and 
the  hydrogen  must  be  filtered  before  it  enters  the  detector.  Apparently  it  is 
this  phenomenon  that  makes  it  possible  to  measure  both  organic  and  inorganic 
particulates  in  the  air. 

In  general,  there  is  a  tendency  for  molar  response  (e.g. ,  measured  in 
coulombs  per  mole)  to  increase  linearly  with  increasing  carbon  number.  Such 
behavior  is  generally  true  for  straight- chain  hydrocarbons,  e.g.,  the  signal 
obtained  from  the  same  volumes  of  hexane  is  twice  the  signal  obtained  from 
propane  (Reference  7). 

Desty,  et  al  (Reference  6)  found  that  tiie  response  obtained  using  2:2:1  - 
trimethylpentane  is  about  303 1  greater  than  for  ethylbenzene,  and  1J$  greater 
Umr.  for  n-octane,  all  Cg  rryiecuia,;. 

The  available  literature  deals  essentially  with  gases  and  vapors  and  very 
little  informat  ion  is  available  on  the  detection  and  measurement  of  the  concen¬ 
tration  of  aerosols.  At  this  point  it  may  be  only  theorized  (and  this  is  to  be 
proved)  that  it  may  be  possible  that  the  detector  signal  response  is  dl rectly 
proportional  to  the  number  of  particulates  fed  into  the  flame,  especially  if 
the  particulates  are  not  previously  vaporized. 


2.3  Other  Methods 


Numerous  other  methods  were  aiso  investigated,  including  surface  potential, 
JJ- Ray  ionization,  D.C.  and  R.F.  discharge,  and  photometry. 


2.3.1  Surface  Potential  Detector 


The  surface  potential  detector  operates  on  the  principle  of  generating  an  AC 


current  when  the  gas  is  passed  between  two  metal  plates,  one  of  which  1b  covered 
with  a  monomole cular  layer  of  a  substance  which  will  absorb  the  vapor  (or  aerosol) 
in  question.  Since  one  of  the  plates  is  vibrated  mechanically  there  is  a  constant 
alternating  IMF  which  changes  when  the  substance  in  question  is  adsorbed  on  the 
surface  of  the  plate.  *1516  sensitivity  is  claimed  to  be  In  the  range  of  1  part 
ethyl  oxalate  in  10^  parts  nitrogen  (Reference  3) ■ 

This  method  was  disregarded  for  the  application  of  aerosol  detection  because 
the  adsorption  and  desorption  rates  on  the  plate  are  too  slow}  for  example.,  the 
complete  detector  analysis  cycle  t'er  ethyl  oxala+e  is  about  b  minutes. 

2.3.2^} -Bay  Ionization 

This  detector  is  based  on  the  principle  of  measuring  the  current  passing 
through  a  gas  ionized  by^-ray  radiation  (Reference  ll).  For  purposes  of  ex¬ 
planation,  one  may  regard  the^Q-rays  as  streams  ox  particles  emanating  from 
the  source.  These  particles  traverse  the  gas,  and  after  traversing  a  distance 
the  average  length  of  which  us  the  near,  free  path,  they  collide  with  sin  atom 
or  molecule  (or  the  aerosol  particle)  of  the  gas.  These  rays  are  emitted  from 
the  radioactive  material  with  a  large  energy  which  is  sufficient  to  displace  an 
electron  upon  collision. 

The  energies  with  which  ionizing  particles  are  emitted  from  radioactive 
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materials  are  of  the  order  of  10  tc  1C  ev,  whereas  the  energy  required  to 
ionize  singly  an  atom  or  molecule  ja  of  the  order  of  10  ev.  Thus,  after  one 
collision,  the  ionizing  particle  has  lost  very  little  energy,  and  it  can  then 
go  on  to  collide  with  another  atom,  produce  another  icn  and  electron,  and  so  on 
until  it  is  finally  brought  tc  equilibrium. 

The  range  of  ^-radiatior.  from  Sr^  (o.  5**-  Mev)  in  air  is  approximately  2.7 
meters  (Reference  ll)  so  that  the-  possible  health  hazard  must  be  considered  in 


designing  the  detector.  It  was  for  this  reason  that  this  principle  was  disregarded 


since  it  was  desirable  that  the  na3h  assembly  be  situated  close  to  the  detector. 

2.3*3  D.C  and  R.F.  Discharge 

This  detector  is  based  upon  the  principle  that  when  an  B.T.  discharge  occurs 
between  two  electrodes  wherein  the  field  is  diverging,  a  D.C.  potential  results. 
This  potential  is  sensitive  to  the  composition  of  the  gas  through  which  the  dis¬ 
charge  is  passing  (Keference  13).  This  detector  has  not  been  used  widely,  and 
apparently  is  not  available  commercially  so  that  its  operation  with  aerosols 
could  not  he  evaluated. 

2.3A  Photometry 

Photometry  is  perhaps  the  most  widely  used  in  investigating  aerosols.  This 
technique  is  based  upon  comparing  lie  light  Intensities  obtained  from  passing  the 
light  through  an  aerosol  sample  ar.J  tu.  ae revel  free  sample.  This  difference  in 
intensity  is  proportional  sc  the  difference  10  concentration  of  the  aerosol  in 
the  tvo  samples.  This  method  lias  teen  used  successfully  with  aerosols  of  one 
micron  or  larger  diameter  size,  but  it  is  limited  .in  its  application  when  smaller 
aerosol  particles  are  considcred;  and  essentially  is  not  applicable  for  particles 
of  0.3  microns  or  less  in  diameter  (Deference  14).  For  this  reason  this  technique 
was  not  evaluated  in  any  greater  detail. 

2.4  Conclusion 

The  available  literature  describes  various  types  of  detecting  devices  fbr 
the  detection  of  gases  and  vapors,  but  very  little  information  is  availsible  on 
the  detection  of  aerosols.  Of  the  various  candidate  detection  techniques,  thermal 
conductivity  or  katharometry  and  hydrogen  flame  ionisation  appeared  to  be  the  most 
promising.  While  thermal  conductivity  is  limited  in  its  sensitivity,  it  is  a  well 


established  and  proven  technique.  Numerous  detectors  operating  on  this  principle 
are  conaercially  available. 

Hydrogen  Flame-Ionization  technique,  on  the  other  hand,  is  one  of  the  most 
sensitive  and  simplest  techniques  yet  developed  for  the  detection  of  organic 
constituents  in  air.  This  technique  has  found  extremely  vide  application  in 
gas  chromotography,  and  its  application  is  constantly  growing.  Because  of  its 
high  sensitivity  and  the  fact  that  numerous  components  and  detectors  utilizing 
this  principle  are  commercially  available,  it  was  decided  to  analyze  this 
method  in  detail  in  addition  *.o  that  of  thermal  conductivity. 
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SECTIQU  3 


EKPERIWEHTAX,  EVALUATION 

This  section  presents  the  experimental  evaluation  of  the  concepts  of  thermal 
conductivity  and  hydrogen  flame-ionization,  which  an  engineering  survey  indicated, 
as  the  most  applicable  for  detection  and  measurement  of  the  concentration  of 
aerosol  in  the  air.  While  the  two  approaches  were  studied  and  evaluated  during 
the  same  time  period,  thermal  conductivity  will  be  discussed  first,  as  this  was  the 
method  originally  proposed. 

The  aim  of  this  experimental.  evaluation  was  to  establish  the  best  detection 
method  which  would  then  be  used  it.  the  Tr.hainhion  Aerosol  Dosimeter. 

3.1  Tin-mil  Conductivity  Cell  ITT) 

In  the  initial  I'easi.r-LI  i  tv  M.d  3..::  lot  ring  the  concentration  of  aerosol 

in  sir,  a  beekmar.  Instrument  Con- par. v  ,J'-  '  O-vj  Chr  nnatograph  equipped  with  t.heir 
standard  'JPC  ceil  vac  used,  lr  '  h  -  wa’iua*  :on,  the  chromatographic  column  was 
removed,  and  a  direct  link  jc-.t.g  :/’■•  stainless  steel  bulling  was  made  between 

the  TO  cell  and  the  sample  inlet  port.  '!V:  coll  was  operated  at  2hO*C,  the  upper 
tempura lure  limit. 

Initial  results  obtained  using  trwrsuiialr.in  aerosol  in  the  concentration 
range  of  about  IOC  mi crograrc  p »»r  li  ter  indicated  only  a  slight  response  of  the 
cell  -  about  10$  of  total  indicator  scale  at  optimal  sensitivity  settings.  At  this 
point  it  was  thought  that  the  TC  reii  t-^ipcnse  could  he  significantly  improved  by 
increasing  the  operating  temperate  e  of  the  cell  and  at  the  same  time  vaporizing 
the  aerosol  prior  to  its  injection  into  the  TC  cell. 


Subsequently,  a  new  TC  cell  was  purchased  from  GovMac  Instrument  Company, 
Madison,  N.  J.  This  is  the  type  of  cell  as  shown  in  Figure  4,  Section  2  of  this 
report .  In  operating  this  cell,  it  was  observed  that  about  a  threefold  increase 
of  sensitivity  was  obtained  as  coopered  with  the  Beckman  cell.  At  the  same  time  it 
was  observed  that  this  sensitivity  decreased  rattier  rapidly  as  the  test  progressed. 
Closer  examination  of  the  cell  filaments  revealed  that  a  thin  film  was  forming  over 
the  filaments  and  this  apparently  continuously  decreased  the  filaments'  sensitivity. 
Such  behavior  was  most  marked  when  high  boiling  point  aerosol  simulants  such  as 
glycerine  and  dibutyl  phthalate  vers  used. 

As  a  next  step  if.  this  invest. gatior.,  it  was  attempted  to  test  out  the  "glow- 
plug"  principle.  Thus  pri.v:  ip f  ur:  Ur  to  that  of  TC  except  the  filament  is 
much  thicker  in  diajrrtcr  and  it  is  caps  Vie  of  operating  at  much  higher  temperatures 
(up  to  HOOT).  It  war  though1,  '.’.it  it  these  temperatures  the  formation  of  a  thin 
film  could  he  prevented.  The  test  rc..ul‘.s  were  unsatisfactory  as  the  sensitivity 
was  considerably  below  that  rrt.ired  in  the  contract. 

3.2  Hydrogen  Flame  Ionization  \!!FT.':  Tex.-., que 

The  HFI  detector  used  in  the  preliminary  evaluation  to  establish  the  feasibility 
of  this  method  was  a  standa.:  1  model  (Model  60-1)  ac  supplied  fcy  Research  Specialties 
Co.  of  Richmond,  Califorr.ie .  As  pointed  out  previously,  this  detector  is  built  to 
operate  under  positive  di3pi.a.-.<w“r,t.  and  thus  in  this  application  it  was  necessary 
to  make  sane  mod  if  loatlcus.  Silicons  rubber  was  used  to  seal  the  detector  hermeti¬ 
cally.  While  this  method  c?.'  seAltrig  withstood  the  elevated  temperatures  for  several 
days,  and  the  results  obtained  c.-ing  t-feis  time  were  very  good,  the  silicone  rubber 
began  tc  decompose  and  the  detector  background  noise  increased  very  appreciably. after 
about  three  days  of  contir-.xyiS  opcrv  Lon. 
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3-2.1  HFI  Detector  -  laboratory  Model 


After  these  preliminary  findings,  which  indicated  the  feasibility  of  the  HFI 
technique  for  detection  and  measurement  of  the  concentration  of  organic  aerosols,  it 
was  decided,  to  construct  an  HFI  detector  in  this  laboratory  t-hat  would  be  more 
applicable  for  this  study. 

A  sr hematic  d Lag? am  of  the  initial  version  of  the  HFI  detector  as  constructed 


in  this  laboratory  is  si«jvn  in  Figure  6. 
slightly  reduced  but  very  precise  pres'-ur*- 
-OuTi  1-5  coati-ifwutiy  J-:J.  -li-iivi  \ amp c<c 

Tlic  aerosol  it  t  rourj-.i-  in  t.h: th>- 

hydi  ogi-Ji  prii  i  •  '-u'.ir  > i  I  .»-•  i. 

did'.  ..ore-!  in  O'. .  Mi':  in-l  ■  .  ■  i-  t  *•  -j •  ■ 

riant-  refill  to .  'ft'-  :  ; .••it!.  i.  r,i  ;  ,j  by 
electrometer  and  red  i  -i*.-r  tiw  r--'.-r  J'e  vi- 

The  initial  vr-iciui  of  t!--  i  1  c.-u  'out 
aerosol  cample  ic  drawr.  int.)  >.:ic  Je'.e  r.->: 
the  pressure  is  approximately  hUn-plit-  r 
about  1  inch  while  that  c-V  the  O'  tor  c 
tubing) . 

The  effluent  gar  cor  i  -V’  i'iom  l.li-  d*-*j 
throe  flasks,  at  shown  jn  figui e  7 .  The 
any  immediate  fluctuation  that  -ay  "s-iit 
tic-n  may  be  due  ic  uneven  iambus '  ion  of  tl 
within  the  detector  chamber.  The  ability 
within  this  flask  is  of  utmost  imoor  tar. . ■= 


The  crucial  problem  was  l.o  maintain  a 
within  the  detector  chamber,  so  that  air 
i  and  analyzed . 

•-api.lU-.ry  tubing  and  it  is  mixed  with 
tb--  flume,  ionisation  laker  place  (as 
’  in  tin-  e:ei.-i'.ri.fJii  c undue t, iv ity  of  the 
-i  h.-.l.or  screen,  amplified  by  the 
('•  a  jomuner-t  record  is  made. 

tt.i  sv str-ai  in  show. -i  in  Figure  7-  The 
Cron  ■1  main  aerosol  supply  line,  where 
The  diameter  of  the  main  supply  tube  is 
wpii’V,  tube  is  at-out  1/6*1  inch  (capillary 

trtor  chamber  passes  through  a  series  of 
purpose  of  the  first  flask  is  to  reduce 
w:tb ir-  the  detector  chamber.  This  fluctua¬ 
te  gases  or  actual  temperature  fluctuation 
to  maxutain  precise  and  constant  pressure 
as  it  is  this  reduced  pressure  that  controls 
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Gas  Outlet 


Figure  6  SCHEMATIC  DIAGRAM  OF  THE  HFI  DETECTOR 
BUILT  IN  THIS  LABORATORY 
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the  sampling  rate  of  lie  aerosolized,  air  into  the  detector.  A  water  nanometer  is 
connected  directly  to  this  flask  so  that  variation  in  pressure  could  be  observed. 

The  second  flask  is  to  remove  and  entrap  water  vapor  which  is  a  combustion 
product.  A  dry  ice  trap  was  used  in  initial  evaluations,  however,  later  it  was 
found  that  salt  water  with  ice  mixture  was  satisfactory.  The  purpose  or  this  trap 
is  to  prevent  aoisture  clogging  the  flowmeter  and  tubing  which  will  disrupt  con¬ 
tinuous  flow  of  the  gases  and  affect  the  sampling  rate  of  the  aerosol. 

The  third  flank  essentially  provided  a  "high  vacuum”  reservoir,  and  its  function 
was  to  reduce  tin-  '.m-'.uj1  ions  va<  u,j*n  poop. 

With  l.lit  overall  -.'t  ip  •jIiiA'i,  m-  P: r-.. >-♦:  ( ,  it  wok  demonstrated  that  BSP  aerosol 
could  i>e  dut'.-.-M  1  it  id  v it; 1 1  •  >ud  }  ,i  iv  ic  the  concentration  range  of  ai out  00 

mJcrogramr  pc;  i •  !.»•»• .  l!ow<-/*>,  tu, imp!  i.!  u-.iti.on  oj  Mic-  signal  resulted  in 

Mgruf  icai.tly  ur.  i-  o.  cd  >  a  .try  ,  ,irJ  vac  directly  related  to  the  unstable 

sampling  rale.  '.'.it  irstv  i ;  :V;  wo;  attributed  to  temperature  fluctuation 

within  she  detector  . .  ■■  ;!  cq'i'  -tiy  an  expur iment  was  conducted  with  the 

detector  heisy  jAr'.iaii.y  r  r ..<-1  if-  -i  •  ilicone  oil  bath,  us  shown  In  Figure  8. 
Despite  tlii:.  aodinratix  ’.is  u;r;a.  { i  nation  arsl  background  noise  persisted. 

Tl>is  study,  however,  demonstrated  that  the  temperature  effect  by  itself  was  rather 
insignificant  and  the  p»:maiy  cause  the  instability  of  the  detector  chamber 
pressure. 

3.2.2  Construction  of  the  KTI  Pete: ter  -  Advanced  Model 

While  the  stcrly  u-.iru;  the  ii'-orst-jr  y  detector  was  in  progress,  plans  were  made 
to  build  two  detectors  of'  more  advanced  design.  Figure  9  shows  an  assembly  drawing 
of  this  detector.  Two  sue/,  detectors  were  built  and  bench  tested. 

In  the  construction  then-  Oc’r-:tors  It.  was  intended  to  control  the  tempera¬ 
ture  of  the  blcrV.  arsen! iy  :;o  that  r-  it  wrre  r.e-essary  to  raise  the  temperature  to 


vaporize  the  aerosol  it  could  be  easily  preset, .  This  vas  done  by  imbedding  a 
cartridge  typs-thernoetatically  controlled  heater  into  the  block  base  assembly 
as  shown  in  Figure  9. 

Figures  10  and  11  show  photographs  or  the  bench  testing  assembly.  These 
two  detectors  were  connected  to  two  separate  pumps.  In  the  course  of  testing, 
it  became  evident  that  vj».fc.  separate  flow  control  systems  and  using  the  setup  as 
shown  in  fig-ire  il;  would  '<  irrpc.;.':btf  to  establish  identical  aerosol  Bauapling 
rater,  for  l-o'.h  •ithfev.-r 

Aric-ln  r  proi  i^r  -•|h c  ippv.d  Mr  testing  progressed  was  that  the  stainless 
steel  "0"  :.;wy,  i-.-aHiu'.  <i-  •ec'.i  clnimb'-'-  with  the  Iwise,  collapsed  and  in- 
l‘-‘— io*>c •  oi‘  « > >'  ■"  !*-  4,,J.  Mi-  •'■»*  I'j.yvifd  iioj.se  increased  very  significantly. 

While  Mic:.'.  d'  '.y.  vi.-i  i.  •/  i *.  operation,  they  provided 

<■•nour.li,  i:  i',:rv.t. V  -  v  *•  in: aivi  construction  of  a  dual  type 

V  , 

f’Tdivi'*-::  f i  >t'.  v .  a-,  tt-r  push  two  basic  problems  had  to  be 

'■oi.'i-l  >clvr<*  vHit.jo'-at  - r.-r:  ;•!  **j-  rtjdv  could  be  t-ikon . 

first  pro:.  1*!»  vv.  1  v  '••o'Jiiv  ■>•  •  *■)»*:  ii-/-.  the  two  available  IPI  detectors, 
aid  the  seco-rrl  p-oM'-r  •  ;W 1 :  si,  a  •.  r-.'i  table  method  of  maintaining  precisely 

the  some  pre-r.v-  witti::  it*-  dr  teeters.  sc  tlifll  the  aerosol  sampling  rate 
could  be  virtual  ly  M.  sar.e  for  : : w»  det*  •  tot  r.. 

J  .2.3  Construct •'■■■  Mv-  ?:  .’lal  pete.-  tor-. 

Ar.  overall  appraisal  jf  !b*  existing  detertors  indicated  that,  it  vould  be 
more  advantageous  r<  red-  ~\e.r-  ard  renstru  t  a  rev  det.ectcr  in  such  a  way  that 
the  exhaust  of  :.-,th  detectors  vould  be  linked  to  a  single  vacuum  control  assembly. 
Figures  1?  and  1?  shuv  schematically  'ft-  construction  of  this  dual  detector. 

Figure  It  show?;  the  scop  d-aviiv  of  tr.i-j  dial  detector.  Mote  that  the  two 
detectors  are  err- 1: -cl  in  a  •  i . p  r.zr*.i met  where  the  temperature  is  maintained 


Figure  11  SEAR  HEW  0?  THE  ASSEMBLE  A3 
3H0WU  IN  FIGURE  10 
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Detector 


Figure  13  ASSEMBLED  TWO  HFI  DETECTORS,  ENCLOSED 

IN  A  SINGLE  BOX  WHOSE  TEMPERATURE  IS  CONTROLLED 
WITH  THE  AID  OF  TAPE  HEATER  AND  VARIABLE  TRANSFORMER 
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constant  with  the  aid  of  a  Briskheat  Tape  heater  and  a  variable  transformer . 

Hie  detector  is  separable  into  tvo  main  parts:  the  base,  and  the  electrode 
assembly.  These  are  fastened  together  by  means  of  a  flange  and  four  screws. 


The  base  of  the  individual  detector  contains  tie  three  gas  inlet  tubes  and  a 
ceramic  insulated  burner  tip.  The  tvo  tubes  protruding  upward  are  for  hydrogen  and 
the  Og-Ng  mixture;  respectively.  The  third  capillary  tube  is  for  intake  of  the 
aerosol  sample .  The  electrodes  arc  imbedded  in  the  Teflon  disk  which  is  sealed  to 
the  stainless  steel  cylinder  (lart  oJ‘  the  base  assembly)  by  means  of  the  flange  and 
the  four  screws  mentioned  aloVe. 

Negative  high  voltage  (>fx>  voitr)  Is  connected  to  the  burner  tip  (cathode)  by 
means  of  a  small  circular  washer  silver  soldered  to  the  cathode.  The  platinum  igniter 
coil  is  situated  close  to  tlw  burner  M:i:  one  end  of  It  1c  grounded,  the  other  is 
actuated  by  depressing  tiic-  JflMfB  IGNITER  button  on  the  electrometer  panel.  5Hie  anode 
or  the  collector  screen  operates  at  or  near  to  ground  potential. 

Electrical  connections  are  made  to  tlie  electrode  (including  the  igniter)  at  the 
top  of  the  detector.  The  "high  voltage"  (300  volts)  cable  also  supplies  separately 
the  2.5  volts  A*C  ■  for  the  igniter  roil,  both  cables  ore  electrically  shielded 
and  Teflon  insulated.  The  complete  detector  assembly  is  electrically  shielded  by 
placing  It  into  a  rectangular  aluminum  box. 

3*2.4  Flow  Control 

The  problem  of  flow  control  was  subsequently  solved  through  the  use  of  much 
larger  ballast  tanks  and  the  use  cf  a  very  sensitive  subatmospberic  pressure  regulator 
as  supplied  by  Moore  Products  Co.  (Model  No.  44).  The  overall  flow  control  system  is 
shown  schematically  in  Figure  15 .  This  system  is  similar  to  that  shown  in  Figure  7, 
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however,  one  more  ballast  tank  was  introduced,  a  capillary  restriction  was  placed 
between  the  "high"  and  "low"  Taciturn  ballast  tanks,  and  most  important,  a  precision 
vacuum  regulator  was  added  to  the  system.  This  vacuum  regulator  maintains  "constant" 
vacuum  in  ballast  tank  Ho.  3.  The  vacuum  within  this  tank  is  not  really  constant, 
but  the  variation  in  pressure  is  significantly  reduced  through  the  use  of  the  up¬ 
stream  two  ballast  tanks.  In  actual  operation,  one  may  observe  slight  fluctuation 
of  the  flow  as  shown  by  the  flowmeter.  This  fluctuation  subsequently  is  "bucked 
out"  and  the  indicating  Magnehelic  gage  registers  constant  pressure. 

The  most  important  fact  Is  that  the  problem  of  detector  signal  fluctuation  has 
been  virtually  eliminated,  awl  the  detector  became  operable  to  it 3  maximum  sensitivity 
(few  micrograme  per  liter  range). 

3.2. 'j  Bench  Evaluation  of  the  Final  Model 

This  integrated  detector  was  bench  tested  essentially  in  the  same  manner  as 
the  previous  detectors,  'flic  signal,  output  of  the  two  detectors  could  be  controlled 
through  adjustment  of  air  and  hydrogen  mixtures.  Such  adjustment  is  necessary  to 
align  tlio  tvo  detectors  to  yield  the  same  signal  vhen  identical  concentrations  of 
the  aerosol  arc  being  sampled.  This  adjustment  can  be  3lso  made  by  changing  the 
position  of  electrodes  within  the  detector,  however,  this  latter  adjustment  should 
only  be  made  after  the  detector  was  disassembled,  cleaned,  and  reassembled  again. 

Even  at  this  point  such  an  adjustment  nay  not  be  necessary.  Operation  and  service 
maintenance  of  this  detector  is  presented  in  detail  in  the  Appendix. 

At  the  electrometer  attenuation  of  30X,  detector  chamber  vacuum  of  6*  HgO, 
of  full  scale  deflection  cf  the  recorder  pen  is  obtained  when  aerosol  simulant  such 
as  BSP  in  concentration  of  2  micrograms  per  liter  is  taken  into  the  bench  test 
detector.  These  results  were  sufficiently  indicative  that  integration  of  the 
components  and  the  final  assembly  of  the  Inhalation  Aerosol  Dosimeter  should  be 
undertaken.  These  steps  are  discussed  in  the  following  sections. 
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SECTION  4 


gmngjgrat  or  cagcagms 

This  section  presents  the  selection  and  evaluation  of  other  basic  components 
that  are  part  of  the  Inhalation  Aerosol  Dosimeter. 

4.1  Tidal  Volume  Measurement 

The  tidal  volume  represents  the  volume  of  air  inspired  and  expired  during 
normal  or  "quiet"  breathing.  Tills  volume  varies  with  the  rate  of  breathings  and 
it  also  varies  among  individuals.  Mus^ui'cisci.k  of  this  volume  per  se  is  not  ecsential 
in  establishing  the  total  dosage  of  the  .inrosol  retained  by  the  test  subject,  and 
this  is  especially  true  when  kite  test  subject  is  breathing  the  oeroodlized  air  for 
any  significant  length  of  time,  vliere  the  total  volume  of  air  inhaled  is  equal 
to  that  exhaled.  However,  to  nuke  the  lnstiuaent  more  versatile  it  was  provided 

with  a  sensor,  digital  readout  ami  u  recorder  for  the  volume  of  air  inhaled. 

\ 

l 

The  sensor  is  of  the  hot-virc-aneinometer-  type,  supplied  by  Hast ings-Raydist 
Corp.  of  Hampton,  Virginia.  It  is  u  modified  version  of  their  Ifcdel  SM-2CK, 
and  it  was  developed  for  the  purpose  of  measuring  respiratory  volumes.  The 
filaments  are  kept  at  about  200*C,  and  according  to  the  manufacturer,  aerosol  in 
the  micron  size  particle  range  and  in  concentration  range  as  stated  in  the  contract 
should  not  have  any  significant  effect  upon  the  sensor. 

The  signal  obtained  from  this  sensor  is  fed  into  a  Honeywell  recorder  which 
is  equipped  with  a  Oise  integrator,  pulse  generator,  and  a  separate  counter.  In 
this  manner  a  record  is  made  on  the  recorder  chart  of  each  individual  volume  of  air 
Inhaled,  and  the  total  cumulative  volume  of  air  Inhaled  is  shown  by  the  digital 
counter. 
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While  the  sensor  response  is  not  linear,  it  provides  a  very  good  approxi¬ 
mation  under  normal  breathing  conditions.  It  nay  be  necessary  to  calibrate  this 
sensor  for  individual  test  subjects.  A  typical  response  of  about  one  count  per 
30cc  of  air  inhaled  has  been  established  for  the  instrument. 

It  may  be  noted  that  the  Honeywell  recorder  had  to  be  equipped  with  a 
variable  resistor  as  the  signal  output  from  the  sensor  vas  considerably  more 
than  one  millivolt. 

4.2  Detector  Signal  Coordination 

•As  mentioned  previously,  the  Inhalation  Aerosol  Dosimeter  is  equipped  with  a 
dual  -type  HFI  detector  for  n»  auurin/',  concentration  of  the  aerosol  in  both  the 
udialvd  and  exhaled  streams.  Si*:-,'-  ".lit-  detector  signal  io  directly  proper 1 1  oral 
rc  Die  ccn>r»i:tral lou  of  aerosol  is,  the  sumpied  aii  utreum,  and  since  the  two  signals 
ar  e  ei-.eiitioi  ly  i.iie  .lame  *)*:*■  the  sjune  :u:rcscl  cocwmrat.i  on  rs  being  sampled,  any 
deviation  between  'to  '..wo  signals  n?jut  to  directly  priori lutal  '.c  the  change  in 
acivsoj  ••co.oei.t.rut :n  •>.  '.he  two  stream:-.  If  "re  signal  ouiput  on  the  inhale 
stream  ic  0.$JC;  millivolt:-:  and  that  on  the  exhale  stream  Is  0.00  millivolts,  the 
dinw.rer.ee  between  tliene  two  signals  (o.4o  millivolts)  is  directly  proportional 
to  the  change  in  concentration.  That  is,  the  higher  ttw  change  in  concentrat ion 
in  toe  two  stream-,  the  higher  will  be  the  signal  dilTerencc.  Hot-?  that  the 
major  assumption  is  that  the  respiratory  volume  of  air  exhaled  io  replaced  by  the 
same  volume  during  the  next  inhalation  phase.  While  this  assumption  is  not  true 
in  general  for  a  single  respiratory  cycle,  the  resulting  deviations  will  cancel 
out  and  the  assumption  as  to  total  volume  approaches  validity  as  the  number 
of  respiratory  cycles  increases.  That  is,  the  total  volume  of  air  exhaled  must  be 
equal  to  the  total  volume  of  air  inhaled.  Figure  16  shows  diagranatlcaliy  the 
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’»um-  *:.v  •.*  xs.uled  Vri  Js.'/iSt  i  v  -l.'in*  .;  are  -xrcimod  u.-  If  the  .anie. 

ruj  Ji.owr.  in  Kii/uiv  U.c  .  i,;i  ui  Oil!  ferencs:;  t  .g  01 '  -,0  •  cuntt  ir-  respiratory 
cycle  /l.  represent;-.  the  absolute  (w-cw.1.  of  tjir  aerosol  uithdravr:  true  the  system, 
or  Use  asifiUR'.  of  lU-  ly  ilie  irdjvrJual  dwrir.p  ’.lit  fiipr.  respira¬ 

tory  cycie. 

If.  Hie  operation  Of  tie  inhalation  Aerosol  Dosimeter  ail  three  signals  ate 
recorded,  sc  l hut  visual  pattern  oi'  eaen  respiratory  cycle  is  provided.  Digital 
readout  is  provided  for  cumulative  amounts  of  "agent  inhaled"  and  "agent  retained". 
There  vas  no  need  to  provide  a  digital  readout  for  "agent  exhaled"  as  the  signal  due 
to  "agent  exhaled*  is  electrically  subtracted  from  the  signal  resulting  fron  "agent 
inhaled"  and  the  difference  is  shown  by  the  digital  readout,  of  "agent  retained". 
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The  above  operation  perhaps  can  be  explained  In  a  simpler  manner  by  referring 
to  the  recorders  and  observing  the  recorder  pen  position.  For  example, -  if  the. recor¬ 
der  pet  on  the  "inhalation  recorder"  indicates  0-90  millivolts,  and  that  of 
"exhalation  recorder"  indicates  C.JQ  millivolts,  then  the  pen  on  the  "agent 
retained  recorder"  Bust,  indicate  0.20  millivolts  if  the  system  were  properly 
balanced  prior  to  use.  Figure  17  shows  schematically  the  complete  coordination 
of  electrical  sl&i&ls  in  the  Inhalation  Aerosol  Dosimeter. 

A. 2,1  Actuation  of  Counters 

The  "agent  Inhaled"  and  "agent  retained"  counters  are  actuated  simultaneously 
by  anjcrcjwii.cn  located  j.  tie.-  "air  inhaled"  recorder ,  This  mic roewi’seh  rides 
ov'r  a  buktlUe  '•<«  af.i.ai  i«'d  to  the  recorder  pen  nrccin Mum,  and  set  in  ouclr  a 
position  tliut  wi«e»  t.'nc  "ui:-  inhaled"  ri<;'.jivj«r  pier:  nr. v-.  from  se ro  tc>  about  0.0;; 
niiliVOlt;.;  tire  other  two  .cn;:i".rs  are  uvluutcd.  Mote  rhat  this  posit ion  cari  be 
cltariijed  by  simply  rotatirir;  or  d  setting  this  bakvlitr  cast. 

Tne  act uat ion  cl'  ••vjt.vCrs  l.y  the  mjc icjwitcl.  o:curs  right  after  the  inhala¬ 
tion  starts-  The  setting  of  0-0'/  millivolts  wac  sel-el.od  so  that  essentially 
ir.stor.i  !t;ieou:i  instrument  response  could  be  obtained.  A  lower  setting  could  result 

it:  falot  -irliai  &-!.uai  jOr  a.,  tliu.'i.  may  Irr  I'inr  i>acKgiOuud  noise  coining  fiCxu  Llier 

tidal  volume  sensor.  Hiuk  the  detector  Measures  the  aerosol  concentration  cf  the 
previously  exhaled  treat),  and  the  concentration  of  the  aerosol  in  the  inhaled 
stream.  Note  that  the  actuation  of  the  counters  is  actually  made  through  a 
mechanical  link  between  the  cam  and  a  small  wheel  ol  the  microswitch  that  rides 
over  the  cam.  The  initial  actuator  is  the  hot  wire  filament  of  the  Hastingb- 
Raydist  Flowmeter,  whose  prime  function  is  to  measure  the  volume  of  air  inhaled, 
and  actuation  of  the  counter  is  made  as  the  "air  inhaled"  recorder  pen  movea  upward. 
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Figure  17  IHHALATJDK  AEROSOL  DOSIMETER  WIRI1W  DIAGRAM 


k.3  Deteotor  Vacuum  Control 

Precise  control  of  the  detector  chamber  vacuum  is  extremely  important  os  it 
is  very  closely  related  tc  the  sampling  rate  of  the  aerosol.  Figure  l8  shows  a 
complete  flowchart  of  the  sampled  aerosol  as  It  passes  through  the  H 71  detectors 
and  through  the  exhaust  system.  A  precision  type  vacuum  regulator  (Model  No.  bb, 
Moore  Products  Co. )  is  used  in  this  system.  The  detector  vacuum  is  read  indirectly, 
as  the  vacuum  gage  (Magnehelic,  0  to  6"  HgO,  T.  W.  Dwyer  Mfg.  Co.)  is  connected 
to  the  "moisture  trap"  (see  Fig.  18),  and  since  this  moisture  trap  is  linked  with 
ttie  detector  through  a  3/8- inch  diameter  Teflon  tube,  the  pressure  drop  across 
thin  tube  may  i,e  :on-;i<lervu  us  negligible. 

b .b  Detector  Fuel  Control 

Both  dete-itoro  bottled  iiydrogcn  (clirumotugvaphlt.  grade)  jujd  n  mixture  of 
oxygen  and  nitrogen.  For  best  re.nilu.:  of  rosi-jnce  and  stability  of  the  detector 
it  was  iVnsrJ  expere menial jy  that  about  J  U(  and  yoit  N0  (both  water  pumped) 
should  be  utt'd .  This  low  proportion  of  oxygen  to  nltrci'on  is  necessary  because 
when  oidinar-y  water  pumped  air  i:;  a  signal  results  from  the  exhale  detector 
even  though  there  is  no  aerosol  supplied  to  it-  This  signal  apparently  is  due  to 
the  dii’jvivul  composition  of  the  exhaled  breath.  When  lOjl  oxygen  is  used  this 
problem  is  eliminated-  Figure  l8  also  slews  Llie  linkage  of  the  supply  of  fuel 
to  the  detector. 

Supply  of- both  the  hydrogen  and  the  Og-Ng  mixture  is  controlled  with  a  set 
of  regulators  and  capillary  tubes.  These  capillary  tubes  were  adjusted  in  length 
so  that,  approximately  the  same  flowrate  is  obtained  when  the  gas  is  fed  at  the 
same  pressure. 
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Fig-Lire  18  SCHEMATIC  DIAGRAM  OF  TEE  FI.O:-f  OF  SAMPLED 

AEROSOL  THROUGH  THE  mHALAIIOH  AIBOSOL  DOSIMETER 


The  flow  of  hydrogen  as  a  function  of  pressure  is  shown  in  Figure  19;  and 
that  of  the  Og-Hg  mixture  is  shown  in  Figure  20.  It  is  the  hydrogen  flowrate 
that  is  critical  in  the  operation.  At  high  hydrogen  flowrates  the  background 
noise  is  toe  high,  at  low  hydrogen  flowrates  the  flame  is  extinguished.  Best 
reculto  are  obtained  at  the  hydrogen  flowrate  of  about  10  to  15cc/mln  (4  to  5 
psig)  and  the  02-N2  mixture  of  about  300cc/min  (10  psig). 

The  capillary  tubes  supplying  hydrogen  and  the  mixture  are  equipped 

with  a  Millipore  Filter  Bolder  (Model  No.  XX3001200,  Swinn  Adapter)  to  filter 
out  any  particulates  from  the  gee  atieorn.  Both  the  filter  and  pre  filter  should 
be  replaced  after  ai*nib  i  year  in  -service  (5<--e  Appendix  B,  Maintenance  Procedure). 

4*9  Mask  Assembly 

T!h:  face  aiu:.k  used  in  U.>  Inhalation  A'-iocol  Dosimeter  in  a  modified  version 
of  tnc  nasK  supplied  i.y  Si'/rra  Mad  re  Kngiiieering  Co  ,  Sierra  Nadre,  Califoinia 
(Model  So  litO-MBU^I’) .  The  nol :  ficul ion  wus  made-  by  1  educing  the  length  of 
tubing  and  shifting  1‘oivuri  1.1*2  i lilialutiwi-oxhalat i or:  valve . 

Tli is  mask  was  chosen  for  the  IAD  because  of  its  small  “dead  volume"  space, 
und  expeciully  because  of  tire  simple  dual  ( inhalation  exhalation)  valve  (Model 
tfj.  2 Li-290)  ciiui,  is  supplied  with  tiie  mack  which  iurtner  reduces  the  "dead 
volume"  space. 

The  valve  is  sltcwn  schematically  in  Figure  21,  and  its  enclosure  into  the 
mask  assembly  is  shown  in  Figure  22.  The  complete  inask  assembly  is  shown 
schematically  in  Figure  23. 
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4. 6  Electrometers 


The  two  electrometers  uced  in  the  IAD  were  purchased  from  Research  Specialties 
Co.,  Richmond,  Calif.  These  electrometers  were  modified  slightly;  the  modifi¬ 
cation  Bade  was  in  the  fierce  igniter  circuitry.  Figure  24  shows  the  circuit 
diagram  of  the  Model  605-3  Electrometer,  as  modified  by  MKD. 


4-. 6.1  Electrical  Specifications 


-12 

Current  Sensitivity:  1.25  x  10  ampere  full  scale  response  in 

scnsil/i^t  setting 

Feak-to-peak  noise  level  (with  detector  cable  connected): 

2.5  x  10* ampere  (?f  of  full  r.cale  in 
most  sensitive  setting)  - 

Drift:  less  than  jf>  of  full  r.cale  per  degree  Centigrade 

change  in  uubient  temperature  in  most  sensitive 
setting. 


line  Voltuge  Stability;  l<e.<s  Han  0-5f  of  full  no:ile  change  in  output 

for  *  I Of  change  in  line  voltage  in  most  sen¬ 
sitive  setting. 

Attenuation  Factors:  iwi,  x},  xiO,  x}0  —  •—  x  10  million  in  l6  steps. 


Recommended  Recording  Meter: 

0-5  oi i lli volt  span 

1  second  full  scale  response  (output  for  other 
recorder  sensitivities  available  on  specie! 
order) 

Electrometer  Output  Impedance: 

700  ohms  aiax  -  negative  terminal  grounded 


Detector  Polarising  Voltage:  300  volts  (battery) 


Maximum  Background  Suppression  Current.:  4.5  x  10*^  axrp 

(4^- volt  battery  used) 

„io 

Detector  Sensitivity:  5  c  10  J  moles/sec.  (measured  by  exponential 

decay  method  using  propane. 


Power  Requirements: 


115  volts  -10f,  50/60  cycles,  200  watts 
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4.6.2  Detailed  Description  of  Operation  of  the  Electrometer 


The  electrometer  circuit  is  operated  by  the  AMH.1PIBR  rotary  switch  S3 
and  is  fused  by  1/2  ampere  fuse  F3.  The  electrometer  circuit  includes  two 
batteries!  the  HV  battery  (B1  -  300  volt)  which  polarises  the  detector  for 
efficient  ion  collection  and  the  background  suppression  or  bucking  voltage 
battery  (B2  -  4-5  volt).  The  latter  is  used  to  supply  a  current  through  a  10^ 
ohm  resistor  R3  connected  to  the  input  of  the  electrometer  which  is  adjusted 
to  balance  (or  cancel)  the  hnckground  ionization  current  in  the  detector. 

The  bucking  voltage  is  adjustable  from  0  to  45  volts  by  means  of  the  COARSE 
and  FINE  BALANCE  controls  R1  and  K?. 

The  AMPLIFIER  rotury  switch  33  lino  STANDBY  and  OFJKATE  positions.  The 
fomer  pooiti*.i>  en'irgizcs  th' -  ‘-:l"'‘l-runr  .r  aiaplit’ier  but  l>taves  the  battery 
voltages  diss.oiif...t*.4.  Tl»  OPERATE  position  adds  the  buttery  voltages  so  that 
the  tie -vector  can  1*  opera  !.**U  The  STANDBi  position  hns  been  provided  r.o  per¬ 
mit  turning  on  the  electrometer  circuit  with  no  connected  source  of  input 
current  which  eight  cduse  hr  initial  surge  of  grid  current  in  the  electrometer 
stage  resiil  r.i-ig  ir  a  lore  recovery  period.  Furthermore  the  3TAHD5Y  position 
permits  the  electrometer  to  be  left,  on  in  Its  warmed-up  stable  condition  while 
the  detector  is  unenorgized  during  off  periods  for  servicing  sr.d  deeming. 

The  electrometer  is  a  d.c.  amplifier  with  negative  feedback.  The  input 
stage  utilizes  a  CK5889  electrometer  tetrode  VI.  The  following  two  amplifier 
stages  are  transistors  TRl  and  TR2.  The  output  voltage  taken  from  the  collector 
of  the  3rd  stage  is  connected  to  the  input  through  one  of  a  set  of  resistors 
selected  by  the  ATTENUATOR  switch  S6a.  Thus  there  is  negative  feedback  of 


current  to  tie  input  and  the  amplifier  output  voltage  ie  linearly  related  to 
the  ionization  current.  The  current  sensitivity  is  selected  by  the  ATTEHUATOR 
by  virtue  of  the  selection  of  feedback  reBistor. 

A  second  wafer  S6S  on  the  ATTENUATOR  switeb  is  used  te  attenuate  the 
output  voltage  connected  to  the  recording  meter.  Thus  the  signal  to  the  re¬ 
corder  is  determined  not  only  by  the  feedback  resistor  but  also  by  the  value 
of  output  voltage  attenuation.  The  result  is  an  overall  attenuation  range  of 
30  million  to  one  obtained  with  five  different  values  of  feedback  resistance. 
The  advantages  of  output  voltage  attenuation  are: 

a)  Amplifier  drift  and  line  voltage  sensitivity  are  thereby  attenuated. 

b)  The  number  of  feedback  resistors  is  reduced. 

It  anoulii  be  noted  (hat  the  two  largest  feedback  resistors.  R13  and  IC7,  Qre 
10^  and  1G10  ohms,,  respectively,  (differing  by  a  factor  of  10 )  and  that  only 
tVO  CuCpU  t  voltage  attenuation  settings  are  used  in  the  xl,  x3,  xlO,  and  x30 
positions;  whereas  in  the  remaining  positions,  the  feedback  resistors  Rib, 

KL5,  and  HL6  differ  by  factors  of  100,  and  four  output  voltage  attenuation  set¬ 
tings  are  utilized.  The  reason  for  this  is  that  the  response  time  of  the 
electrometer-detector  system  depends  on  the  value  of  feedback  resistance.  In 
the  xl  and  x3  positions,  the  response  time  constant  Is  approximately  1.8 
seconds.  In  the  xlO  and  xJO  positions  the  resportse  time  constant  is  O.lG 
second  because  the  feedback  resistor  is  10l1^  ohms  Instead  of  10*1  ohms.  If 
the  103"0  ohm  resistor  had  been  omitted,  there  would  have  to  be  four  attenu¬ 
ator  positions  with  the  1.8-second  time  constant.  This  would  preclude  taking 
advantage  of  the  Inherent  rapid  response  of  the  detector  in  four  rather  than 
two  attenuator  positions.  The  response  time  of  the  circuit  in  attenuation 
settings  higher  than  x30  is  less  than  0.18  second. 


The  statements  In  the  last  two  paragraphs  can  he  sumarized  as  follows; 

a)  Electrometer  drift  if  greatest  in  the  attenuation  settings  xl, 
xlOj  xlOO,  xlOK,  and  xlM  and  less  in  all  other  settings  by  the 
factor  of  output  voltage  attenuation. 

b)  Response  time  is  l.S  seconds  In  the  xl,  and  x3  settings  and  0.l€ 
second  or  less  in  all  other  settings. 

There  are  two  adjustments  In  the  electrometer  which  set  the  amplifier 
output  voltage  to  aero.  (These  adjustments  are  separate  from  the  COARSE  and 
FINE  BALANCE  controls  vhich  have  to  do  with  bucking  current).  A  coarse 
adjustment  can  be-  mad*  by  varying  idle  K{  potentiometer  lc-sotcd  on  the  rear  of 
the  Electrometer.  A  fine  adjustment  cun  be  made  on  the  front  with  the  knob 
labeled  AMPLIFIER  ZERO.  Both  adjustments  vary  the  screen  voltage  of  the 
eJ ectrojoeter  tetrode,  thereby  varying  the  plate  current,  These  adjustments 
are  used  to  set  the  amplifier  output  voltage  to  zero  when  there  is  zero  input 
current  (including  zero  bucking  current).  The  course  adjustment  is  set.  at 
the  factoxy  but  may  require  occasional  resetting  as  the  electrometer  tube  ages. 

The  second  stage  transistor  TKl  is  a  Silicon-type;  a  germanium-type  ther¬ 
mistor  is  used  for  the  third  stage  (TR2).  This  combination  of  transistor 
types  results  in  minimum  drift  with  ambient  temperature  changes. 

The  operating  voltages  for  the  electrometer  circuit  are  supplied  by  two 
Zener  diodes  (D5  and  D6)  in  series,  which  are  in  turn  supplied  by  a  regulated 
power  supply.  The  series  regulator  element  of  this  power  supply  is  a  21C42 
power  transistor  TR3-  The  regulator  amplifier  is  a  2N377  transistor  TR4. 
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3he  sensitivity  of  the  electrometer  circuit  to  line  voltage  changes  is 
s*all.  The  major  source  of  drift  is  ambient  temperature  variations  (see 
specifications), 

The  Model  605-3  contains  a  flame  ignitor  circuit  vhlch  consists  of  a 
filament  transformer  T4-  vhose  2.5-volt  secondary  leads  are  connected  through 
the  FIAME  IGNITER  push  button  svitch  54  to  the  detector  posts. 

The  2, 5- volt  transformer  is  used  to  heat  up  a  platinum  igniter  coil  in  the 
detector  vhich  results  in  the  ignition  of  the  hydrogen  flame.  Power  is 
supplied  lo  the  primary  of  the  igniter  transformer  t4  only  when  the  amplifier 
switch  is  in  STANDBY  or  OPERATE. 

A  Meter  Zero  Control  is  provided  optionally  for  off- setting  the  recorder 
if  so  desired .  The  marker  pushbutton  cable  plugs  into  the  rear  panel  of  the 
605-3. 


SECTION  5 

ASSEMBLY  AND  EVALUATION  OP  TBS 
INHALATION  ABB06O.  DOSIMETER  (IAD) 

5.1  Assembly 

Standard  type  Erocor  (Elgin  Metalforaers  Corp.,  Elgin,  Illinois)  consoles 
are  used  to  house  all  the  components  of  IAD.  The  complete  aseerf>ly,  as  shown 
in  Figure  25  consists  of  three  sections.  The  two  side  sections  (FR-2lA)  pri¬ 
marily  house  the  recorders;  the  section  in  the  center  houses  the  control  panel 
and  the  other  components. 

Pifnirv'S  through  2y  give  exact  dimensions  and  positioning  of  the  various 
ranptsvtssts  vlthln  the  eon  solo  assembly.  Figure  30  is  a  close  up  photograph  of 
the  control  panel . 

5.2  Evaluation  of  the  Inhalation  Aerosol  Dosimeter 

After  the  I  AD  was  asscs&lf")  at  HRD..  it  was  thoroughly  tested  foa  any  sbI- 
functior.s  that  could  huve  occurred  i:i  the  final  assembly.  Preliminary  tests 
vere  carried  out  using  BSP  atrosol  and  live  subjects  in  establishing  the  proper 
function  of  the  instrument.  Figure  31  shows  a  photograph  of  a  subject  placed 
on-stream  and  breathing  BSP  aerosol.  Preliminary  data  indicated  that  retention 
of  aerosol  varied  among  individuals;  when  the  concentration  of  about  80  mg  per 
liter  was  breathed,  the  percentage  retained  varied  from  the  low  of  about  35 1> 
to  a  high  of  70 $.  Also,  it  was  evident  that  percent  retention  varied  inversely 


with  the  breathing  rate. 


igure  vJ8  COTOSCL  PAKEL  DOBMl'IOMXJE 


Figure  31  PHOTOGRAPH  OF  THF  SUBJECT  INHALING  BSP  AEROSOL  WHICH 
j  IS  BGIKS  ANALYZED  AMD  MONII'OnEI;  b';'  THE  IAD  SO  THAT 

'  CURA  ATI  VE  DOS  SAGE  OF  THE  AEROSOL  RETAINS!*  COULD  BE 

ESTABL  I  SHED 

I 
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After  the  preliminary  tests  were  conpleted,  the  unit  was  crated  and 
shipped  to  CSIL  for  assembly  and  demonstration. 

In  operating  the  unit  the  initial  problem  appeared  to  be  that  of  supplying 
proper  mixture  of  oxygen  and  nitrogen,  as  it  had  to  he  fed  from  two  separate 
tanks  through  a  manifold  arrangement.  This  problem  was  subsequently  overcome 
with  the  aid  of  a  paramagnetic  oxygen  analyzer  (Beckman)  so  that  the  oxygen 
concentration  fed  into  the  detector  could  be  maintained  at  about  1<$.  After 
t'uio  problem  wuo  5ol*"-i,  r.  tctal  of  seven  teste  were  re.de  with  BSP  eercsol, 
using;  two  subjects. 

Te'.’b  1  liohu  U>-  dutu  obtuiue-l.  All  the  results  shown  in  Table  1  were 
based  upon  previous  ohMuicul.  analysis  of  the  BSP  aerosol  and  correlating  it 
with  the  signals  obtained  from  the  .detectors.  These  chemical  analyses  were 
mdi:  by  the  standard  <'o1  orimetii'4  technique  developed  try  OKU,.  Tabl-e  2  lists 
the  data  showing  signal  response  or  the  detector  as  a  function  of  the  chemical, 
concentration  of  BSL  aerosol  in  air  ^fg/ liter).  Figure  32  shews  a  graph  of 
these  data. 

The  Hastings- Raydist  flowmeter  (volume  of  air  inhaled)  was  calibrated  at 
CREL  with  the  all  or  a  spirometer.  It  was  established  that  in  the  normal  course 
of  breathing  the  flew  sensor  actuates  the  counter  at  the  rate  of  33  counts  per 
liter  of  air  inhaled. 

As  Table  1  indicates,  excellent  reproducibility  of  the  results  was  obtained 
for  each  individual  subject.  However,  as  was  also  observed  at  the  HRD  labora¬ 
tory,  there  is  significant  airrerence  in  the  percentage  of  BSP  retained  by  the 
two  subjects.  This  difference  perhaps  can  be  explained  on  the  basis  of  breathing 
rate  and  volume,  the  lung  size,  and  other  physiological  differences  between  the 
two  individuals. 
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Figure  32  DETECTOR  SIGNAL  RESPONSE  AT  THE  ELECTROMETER  ATTENUATION 
OF  300X  AS  A  FUNCTION  OF  BSP  CONCEOTEATION 
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SECTICB  6 
COKCLUSIOBB 

An  Inhalation  Aerosol  Itosimster  (IAD)  that  meets  all  the  requirements 
eet  out  in  the  contract  (Mo.  HA-lO-108-CML-7006)  has  been  developed  by  the 
MRD  Division  of  General  American  Transportation  Corporation. 

The  overall  construction  of  the  IAD  parallels  the  design  suggested  in 
the  original  proposal.  The  major  Modification  of  that  design  is  that  hydrogen 
flame  ionization  principle  ;s  used  for  detection  and  monitoring  of  the  aerosol 
concentration.,  and  the  secondary  modification  consists  of  developing  a  very 
precise  aerosol  sampling  system.  The  a-cspliag  system  is  bused  upon  maintaining 
precise  (reduced)  pressure  within  the  -lotoctor  so  tba'  actual  sampling  is  a 
truly  continuous  process. 
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APPENDIX  A 


OPERATING  PROCEDURE 


A.  Operating  Procedure 

There  ere  certain  expendable  set eri els  that  are  required  for  the 
operating  of  the  IAD  that  are  not  supplied.  These  required  nsterials  are 
listed  below : 

A.1  Recjjiired^Jjeterial^ 

A. 1.1  Gaeea 

(a)  Hydrogen  -  preferably  ehromotographic  grade.* 

(b)  Oxygen  -  nitrogen  Mixture  -  lOt  oxygen  -  all  in  one 
cylinder.  This  mixture  should  be  "water- pumped"  type,  that  is,  there 
should  be  no  traces  of  hydrocarbons  in  it.  This  gas  is  ordinarily  supplied 
in  the  Type  IA  cylinder  (235  crfcic  feet).  The  cylinder  should  be  equipped 
with  laboratory- type  regulators  with  standard  type  gages.  The  lower 
pressure  range  should  be  about  0-100  psig. 

(c)  Compressed  House  Air  -  this  is  ordinary  type  compressed 
air  that  is  normally  available  in  laboratories. 

A. 1,2  Water 

Ordinary  tap  water  to  be  uaed  as  the  cooling  fluid.  This 
water  is  passed  through  the  unit  in  essentially  the  same  manner  that  one  does 
in  laboratory-type  water  cooled  condensers.  The  flew  rate  should  be  about 
100  nl  per  ninute. 

A. 1,3  Power 

Single  phase,  105-125  volt,  60-cycle  electric  power,  less 
than  10  amperes  are  required. 
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Th«  starting  procedure  is  very  critical  and  it  KJST  be  foliated 
vexy  closely)  this  is  very  inport  act  as  some  of  the  delicate  instruments 
(especially  the  tagnehellc  gage)  can  he  damaged  if  the  procedure  is  not 
followed. 

To  start  the  instrument,  proceed  as  foil  tv  s ,  STEP  BY  STEP: 

8TKP  1.  (a)  Plug  in  the  smiin  electric  cord  and  turn  the  detector  heater 

to  “on"  shout  2  hre  in  advance.  The  switch  la  ca  the  varisble 
transformer  located  in  the  rear  of  the  unit.  The  transformer 
should  he  set  at  shout  25. 

(b)  Connect  both  hydrogen  and  oxygen-nitrogen  mixture  (primary 
air).  These  connections  are  made  on  the  left  hand  aide  of 
the  unit,  facing  the  control  panel.  Both  hydrogen  and  p rimary 
dir  should  he  supplied  to  the  IAD  at  about  30  psig. 

At  this  point  neither  hydrogen  nor  the  primary  air  should 
indicate  positive  pressure  on  the  control  penal,  (the  gases 
should  not  floe  into  the  detector).  Their  flow  is  controlled 
by  the  large  knobs  on  the  panel,  and  the  knobs  should  be  turned 
all  the  way  left  so  that  the  gages  read  aero. 

( o )  Connect  the  cooling  tap  water  and  adjust  its  flow  to  about 

100  ml  per  minute.  This  flew  rate  is  not  critical  and  generally 
"email  dripping"  is  sufficient,  especially  when  the  water  is  less 
than  70°F;  .  its  purpose  is  to  condense  the  water  vapor 
coming  from  the  detector  as  a  product  of  combustion. 
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(d)  Turn  both  electrometers  to  STANDBY  and  all  four  recorders  to 
"on".  The  witches  are  located  in  back  of  the  recorders. 

Bote  that  there  is  a  nain  witch  located  at  the  rear  of  the 
I  AC.  This  witch  controls  the  power  supply  to  electroaeters 
and  recorders.  ThlB  witch  should  he  used  whenever  any 
prolonged  shut-down  of  the  unit  is  nade.  At  this  point  it 
1b  not  necessary  to  turn  on  the  chart  speed  of  the  recorders. 


STEP  2,  Step  2  and  Step  3  should  be  done 


r,  therefore  read  the 


fcotr.eee  below*  to  be  familiarised  with  the  principles  involved, 
and  then  go  ahead.  Turn  the  diaphran  pump  to  "on11.  Both  the  pump 
and  the  witch  ore  located  behind  and  underneath  the  control  panel. 

It  is  accessible  from  the  rear  of  IAD,  Wqit  a  short  time  (few 
seconds)  until  the  ftgnehelic  gage  (DETECTOR  CHAMBER  VACUUM)  registers 
shout  li  inches  HgO,  then  proceed  to  step  3- 
STEP  3.  Connect,  the  "bouse  air"  to  the  TAD.  The  air  should  be  supplied  at 
about  30  pslg,  as  it  is  further  regulated  to  about  10  psig  by  a 
regulator  located  in  the  rear  of  IAD  before  it  is  delivered  to  the 
precision  vacuum  regulator  (Model  hit,  Mx>re  Product#)  whose  control 
knob  is  located  on  the  front  panel  and  labeled  DETECTOR  CHAMBER 


Steps  2  and  3  are  very  critical  in  the  starting  procedure.  As  the  diaphran 
pump  is  turned  "on"  It  immediately  starts  pulling  high  vacuum  as  shown  by 
the  BALLAST  TANK  VACUUM  gage  on  the  control  panel.  Subsequently,  vacuum  is 
being  created  In  the  other  ballast  tanks  that  are  linked  to  the  detector. 
Unless  this  vacuum  is  relieved  (which  ia  explained  in  Step  3)  the  fegnehelic 
gage  can  be  damaged.  This  vacuum  it  controlled  by  the  DETECTOR  CHAMBER 
VACUUM  CONTROL  (DCVC)  knob  located  on  the  front  panel. 
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VACUUM  COKTROIi  (DCVC).  Observe  the  movement  of  the  needle  of  the 
Msgnebelic  gage.  If  it  moves  rapidly  to  the  left,  Immediately 
cutjjff  the  supply  of  "house  air".  Turn  the  DCVC  knob  slightly 
counterclockwise  and  repeat  the  above  procedure.,  until  a  slight 
fluctuating  movement  of  the  needle  to  the  right  is  observed. 

As  the  needle  moveB  to  about  5  on  the  6oale,  turn  gently  to  DCVC 
knob  clockwise,  until  the  movement  of  the  needle  is  arrested. 

SdS  sequently  set  the  DETECTOR  CHAMiEH  VACUUM  with  the  DCVC  knob 
to  read  about  It  inches  water  by  very  gentle  turning  of  the  sbove 
knob  cither  clockwise  or  counterclockwise 
STEP  t.  This  step  deals  with  the  flame  ignition  of  both  detectors  (inhalation 
and  exhalation)- 

(a)  Set  the  gas  pressures  as  follows: 

Hydrogen:  15  psig  to  ignite,  5  psig.  to  operate. 

Primary  Air:  10  psig,  to  ignite,  some  to  operate. 

Khgnehelic  gage!  *>  inches  of  li^O  to  ignite,  6  inches  H?0  to  operate. 

(b)  After  the  hydrogen  has  been  flowing  for  a  few  minutes,  the 
lines  will  be  purged  of  air  and  the  flame  can  be  ignited.  Push 
both  FLAKE  I  O' ITER  buttons  simultaneously  for  about  1/2  to  1  second, 
Flame  ignition  is  signified  by  a  "dull"  audible  "pop"  in  the 
detector,  also  a  quick  temporary  movement  of  the  needle  of  the 
Magnehelic  gage  will  be  observed  (to  the  left). 

(c)  Turn  the  amplifier  switch  to  OPERATE  position  and  adjust  recorder 
reading  with  balance  controls  to  approximately  10?  sbove  zero 
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vith  attenuator  in  XLOO  position  and  allw  the  amplifier  to 
stabilise.  This  stabilizing  process  may  tale  some  time  if  the 
electrometers  vere  Just  turned  on.  Also  the  sampled  air  must  be 
free  of  aerosol  and/or  any  other  organic  contaminants, 

(d)  Remove  the  face  mash  from  the  mask  assembly,  attach  the  plastic 
diaphram  bellows  (as  supplied)  and  pump  it  several  times.  The 
air  normally  goes  into  the  inhale  tube  of  the  mask,  assembly 
and  the  purpose  of  using  bellcvs  is  to  bring  in  the  same  clean 
air  into  the  exhale  tube  so  that  zeroing  of  both  recorders 
could  be  done. 

(e)  Cfcntly  reduce  the  Hydrogen  pressure  to  about  5  psig  on  both 
detectors  and  set  the  DCVC  to  indicate  6  inches  HgO  vacuum. 

Turn  the  amplifier  switch  to  STAHDBY  and  the  attenuator  switch 
to  one  position  counterclockwise  beyond  the  300V  position.  This 
is  a  position  in  which  recorder  zero  can  be  set.  Using  Mfl'ER 
ZERO  knob,  set  recorder  to  zero  position. 

(f)  Turn  the  attenuator  switch  to  IV  position  and  adjust  AMPLIFIER 
ZE1!U  knot?  until  recorder  again  reads  at  zero  position.  Turn 
the  amplifier  switch  to  OPERATE.  Turn  the  balance  control  knobs 
(both  coarse  and  fine)  all  the  way  clockwise.  Turn  the  attenuator 
•witch  step  by  step  clockwise.  If  the  flanes  were  ignited, 

the  recorder  pens  will  move  upscale  by  the  time  attenuator  factor 
approaches  &0  or  lower.  When  the  flsmes  are  not  lit,  increase 
both  hydrogen  pressure  to  15  psig,  depress  the  FLAKE  I GETTER 
buttons  (1/2  to  1  second)  and  Observe  the  movement  of  the  recorder 
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pens.  If  the  flaae  Is  ignited,  the  recorder  pens  will  move 
and  stay  upscale, Proceed  to  (g)  below.  It  is  important  to 
ignite  both  flames  simultaneously.  If  the  flame  in  one 
detector  is  ignited  and  an  attempt  is  made  to  Ignite  the  second 
flaae  separately  this  generally  vill  result  in  extinguishing 
the  other  flaae  because  of  the  rapid  buildup  in  pressure  vhen 
ignition  takes  place. 

When  the  flames  cannot  be  ignited,  investigate  as  outlined  In 
Appendix  B,  Trouble  Shooting., 

(g)  If  flaaes  are  not  ignited,  repeat  (e)  and  (f),  Turn  the  attenuator 
switch  to  T100,  Set  PIPE  BALANCE  to  its  aid-point  and  turn 
course  balance  to  zero  the  recorder  approximately,  (If  this 
cannot  be  done,  it  indicates  that  either  sampled  air  is  impure 
or  the  amplifier  is  not  warmed  up).  Use  minor  adjustments  cf 
FINE  BAIAHCE  for  final  zeroing  of  the  recorders."  The  final 
zeroing  can  Just  as  well  be  done  at  30.0  or  30.,  but  during  the 
initial  warmup  and/or  the  pressure  of  contaminants  in  the  air 
will  either  make  the  baseline  drifting  rapidly  or  excessive  back¬ 
ground  noise  vill  result  from  these  impurities’1. 

*  At  this  tine  it  vill  be  useful  to  familiarize  with  the  effect  of  the  ionization 
current  on  the  Igniting  and  extinguishing  of  the  detector  flames.  To  do 
this,  let  the  hydrogen  pressure  fall  to  zero.  The  flame  vill  extinguish 
at  about  2  or  3  psig.  Now  turn  balance  controls  fully  clockwise  and  zero 
amplifier  if  necessary.  Turn  hydrogen  pressure  to  13  psig  and  repeat  flame 
ignition.  When  the  flames  ignite,  both  recorders  will  move  upscale.  Either 
30.00  or  IK  attenuator  settings  a  ay  be  necessary  to  balance  controls  tc 
tero  the  recorder  again.  Another  very  good  check  as  to  whether  the  detector 
flaaes  are  lit  is  to  bring  a  snail  ssaple  of  organic  vapor  (or  cigarette  smoke) 
into  the  mask  assenbly-the  pens  vill  aove  rapidly  upscale  vhen  the  flaaes  are 
lit,  and  it  may  be  necessary  to  set  the  attenuator  witch  at  IK  or  3K  to  keep 
the  pens  on  scale. 
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STEP  5.  Nor  that  the  instrument  is  zeroed,  the  next  step  is  to  coordinate 
the  detector  signal  response.  It  nay  he  necessary  to  make  some 
adjustments  to  obtain  the  same  signal  response  where  the  ia»e 
concentration  of  the  aerosol  are  brought  into  both  tubes  of  the 
Bask  assembly*. 

(a)  Turn  the  attenuator  switch  to  position  XJOO  (this  setting  depends 
upon  the  concentration  of  the  aerosol  to  be  used  in  the 
itas-inw^-ry  procedure;  either  lower  or  higher  settings  can  be 
used.  Supply  aerosol  into  the  mask  asset* ly  continuously  at 

the  rate  of  about  30  liters  per  minute,  Depending  upon  the 
aerosol  concentration,  the  inhale  recorder  pen  will  move  up  and 
Indicate  a  certain  signal  output.  Continue  supplying  the  aerosol 
until  this  signal  output  shots  no  drift  (thi&  Indicates  that 
aerosol  concentration  is  not  changing), 

(b)  Pump  the  diaphram  bellows  several  tines  and  observe  the  signal 
output  on  the  exhale  recorder.  Continue  pumping  until  there  is 
no  change  in  signal  output.  If  the  signal  output  is  the  same 

on  both  recorders,  the  JosimeUy  can  be  started.  If  the  signals 
differ,  make  adjustment  as  described  belcw ; 

Signal  coordination  on  both  detectors  can  be  made  through 


By  identical  construction  of 


detectors  the  sampling  rate  In  each 


of  the  aerosol  by  both  detectors  vas  established  to  be  the  saae  vben  the 
detector  chamber  pressure  (vacuia)  is  maintained  constant.  However,  as  indicated 
In  discussing  the  theory  of  operation  of  HF1  detector,  the  flew  of  currant 


across  the  flame  is  directly  related  to  the  flow  of  hydrogen,  and  therefore, 
any  difference  in  flew  of  hydrogen  will  cause  a  difference  in  the  two  signals. 
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STEP  6. 


either  increasing  or  decreasing  the  flow  of  hydrogen.  If  the 
inhale  recorder  dhows  0.80  millivolts  and  the  -Trh«.i»  recorder 
ehws  0,60  millivolt*,  the  adjustment  is  made  by  either  reducing 
hydrogen  pressure  to  the  inhale  detector  or  by  increasing  it  to 
the  exhale  detector. 

Increase  the  exhale  signal  to  about  0.85  millivolts  by  gently 
increasing  the  hydrogen  pressure  to  this  detector.  Such  an 
adjustment  in  general  will  require  rezeroing  of  the  electrometers . 
Cut-off  the  aerosol  supply  to  the  mask  assent  ly,  purge  it  with 
Clean  air  and  re  zero  the  detectors  as  follows'.  Turn  the 
attenuator  switch  counterclockwise  one  step  past  30 K,  turn 
fewer  supply  to  STANDBY ,  zero  the  recorders  vith  H3TER  ZERO  knob, 
turn  the  attenuator  witch  to  IK  and  zero  recorders  with  the 
AMPLIFIER  ZERO  kneb ,  Turn  attenuator  witch  to  H00  and  zero 
recorders  with  the  BALANCE  control  knobs.  Repeat  (i)  at  the 
3Q00  setting  and  examine  detector  signal  outputs.  It  may  be 
necessary  to  sake  such  an  adjustment  several  times  until  essentially 
the  same  signal  output  from  both  detectors  is  obtained. 

Analyze  the  aerosol  content  in  the  air  stream  colorimetrically  or  by 
any  other  method  that  would  indicate  absolute  concentration  of  the 
aerosol.  This  step  is  necessary  to  calibrate  the  detector  so  that 
actual  concentration  of  the  aerosol  can  be  correlated  to  the  signal 
output.  For  example,  as  shewn  in  Figure  32  of  the  Final  Report,  when 
BSP  aerosol  was  used  in  the  concentration  of  50  mierogrsms  per  liter, 
the  detector  signal  output  at  the  electrometer  attenuation  of  X300  was 


I 
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0.7?  ml  111 volts,  and  it  appears  to  be  linear  throughout  the  entire 
|  range,  ffliis  indicates  that  one  or  two  spot  cheeks  of  the  signal 

'  output  versus  actual  aerosol  concentration  will  be  sufficient  to 
calibrate  the  detector. 

STEP  7.  (a)  Examine  the  setting  of  the  signal  actuating  micros* itch  located 

in  the  inhale  recorder.  It  should  actuate  the  signals  (both 
inhale  and  exhale)  at  about  0.0?  millivolts.  This  setting  is 
made  through  rotating  and  tightening  the  bakelite  cam  in  back 
of  the  recorder-pen  mechanism. 

(b)  Turn  the  air  flow  meter  to  REC.  Adjust,  if  necessary,  the  recorder 
pen  with  the  7.ER0  ADJUST  screw,  (the  aerosolized  air  should  be 
supplied  into  the  mask  assembly  at  about  30  liters  per  minute). 

(c)  Turn  the  counters  switch  to  "on"  position.  Reset  all  three 
counters  to  zero  by  depressing  the  reset  levers, 

(d)  Tell  the  test  subject  to  put  on  the  face  mask  and  hold  the 
breath  temporarily  (a  second  or  less).  Depress  the  reset  lever 
on  the  AGENT  RETAILED  counter  and  while  holding  it  down  give  a 
signal  to  the  test  subject  to  start  inhalation.  At  the  end  of 
the  inhalation  phase  release  this  lever  and  let  the  test  subject 
continue  breathing. 

STEP  8.  No/  that  inhalation  is  in  progress  observe  the  digital  readouts.  It 
miy  be  necessary  to  make  some  arithmetic  calculations  to  establish 
the  actual  dosage  retained.  The  actual  dosage  of  agent  retained  is 
established  as  follows  (see  Table  1  in  Pinal  Report): 

The  counts  on  AIR  INHALED  readout  should  be  divided  by  33  (33  counts 
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par  liter  air ,  it  varies  slightly  from  subject  to  abject)  to 
obtain  volume  of  sir  inhaled  (liters).  Multiply  this  figure  by 
the  aerosol  concentration  which  vas  established  in  STEP  6.  This 
gives  total  micrograms  of  aerosol  Inhaled.  Divide  the  total  digital 
readout  of  ACEHT  IRHALED  by  this  nusfcer.  This  gives  the  detector 
response  in  terms  of  "counts  per  mierogram".  (Thin  factor  may  vary* 
however,  it  la  generally  around  0.80).  Multiply  the  digital  readout 
of  A  CENT  RETAINED  by  the  shove  factor  to  obtain  the  total  amount  of 
agent  retained  in  terms  of  micrograms. 

After  one  is  well  familiarised  with  the  operation  of  the  I  AD  and 
the  test  s\A>jects,  all  that  will  he  necessary  is  to  multiply  the 
ACEHT  RETAIHBD  by  the  previously  determined  factor  to  obtain  the 
actual  dosage  in  terns  of  micrograms  of  the  agent  administered. 
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APPEND1 X  B 


MMWTENANCE  AND  TROUBLE-SHOOTING  PROCEDURE 


Section  B.l  below  describes  general  maintenance  procedure  of  the  1AD, 
and  Section  B.2  provides  a  general  guide  in  locating  and  correcting 
"aal functions"  of  the  inatruaent  that  may  occasionally  occur. 

B.l  KdntManeefroeedureofMD 

The  overall  maintenance  procedure  of  the  IAD  can  be  related  to  the 
maintenance  of  the  basic  components  that  comprise  IAD.  These  basic  components 
are  the  following! 

(1)  Recorders 

(2)  Electrometers 

(3)  Vacuum  Control  Assembly 

(M  Hydrogen  Flame- Ionization  Detector 

(5)  Vfcsk  Assembly 

(6)  Tidal  Air  Flow  Jfcter 

The  maintenance  of  these  individual  components  is  described  belcw. 

B.1.1  Recorders  -  there  are  four  recorders  in  the  IAD.  These  are  high 
speed  "Brown  Electron:.*"  recorders  supplied  by  Honeywell.  Their  routine 
maintenance  is  listed  in  the  table  below.  Any  specific  questions  on  the 
recorders  as  related  to  their  operation  and  maintenance  are  referred  to  the 
manufacturer’s  manual. 
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ROUTINE  MAINTENANCE  OF  RECORDERS 


What  to  Do  '' 

When  1 

Change  Chart 

As  required 

Refill  ink  reservoir 

As  required 

Amplifier 

Check  tubes 

Once  a  month 

Adjust  sensitivity 

Once  a  month 

Replace  fuse 

As  required 

Slidewire 

Clean 

Once  a  month 

Replace  contactor 

As  required 

Clean  scale 

As  required 

l.ubricate 

As  required 

B.1.2  Electrometers  -  there  are  two  electrometers,  Mxlel  605-3f 
supplied  by  Research  Specialties  Co.,  Richmond,  California.  Routine  main¬ 
tenance  of  the  electrometers  is  required  as  follows: 

a)  Battery  replacement: 

Replace  300  volt  battery  once  each  year.  Replace  *»5  volt 
battery  once  each  year  or  whenever  it  appears  to  be  putting 
out  inadequate  voltage.  Replace  batteries  whenever  they 
appear  to  be  leaking  their  contents. 

CAUTION:  Use  care  in  touching  components  inside  the  electro¬ 
meter.  The  300  volt  battery  can  cause  a  serious 
electrical  shock. 

b)  Electrometer  tetrode  type  CK  589?: 

This  tube  can  be  expected  to  laat  from  1  to  5  years.  If 


1 . . '  '  ”  ' 

reploc  scant  is  necessary  be  sure  not  to  touch  any  of  the 

high  Impedance  components  in  the  electrometer  circuit  with 
anythin*  but  eleen  tools— never  with  the  fingers.  Clean 
components  are  an  essential  factor  in  the  proper  operation 
of  this  circuit.  (The  circuitry  is  shown  in  Figure  24. ) 

B.1.3  Hydrogen  Flame  Ionization  Detector  (HTTP)  -  routine 
maintenance  is  required  on  the  following  components: 

a)  Detector  burner  tip  may  require  cleaning  if  noise  level  increases 
inordinately,  The  entire  base,  including  all  inlet  txfces 

■ay  also  require  cleaning.  Clean  with  appropriate  solvents 
and  bake  out  while  passing  nitrogen  through  all  tubes  at  300°C 
for  1/2  to  2  hours. 

b)  The  Teflon  block  supporting  the  detector  electrodes  should 

be  cleaned  periodically.  This  can  be  accomplished  with  a  fine 
cenel  brush  and  using  eethonol  as  solvent. 

c)  The  Wllipore  filters  within  the  Swinny  Adapter  (attached  to 
the  capillary  tubes  supplying  gases  to  the  detector)  should 
be  replaced  about  once  a  year. 

B.l.1*  Tidal  Air  Flw  teter  -  this  is  a  mass  flowmeter.  Model 
SM-20X,  modified,  0-20,000  CC/inin,  ranee,  with  a  Type  K-28  flow  tube  (sensor) 
as  supplied  by  Hasting- Raydist  Inc,,  Hampton,  Virginia,  ,fo  routine  main¬ 
tenance  ia  required  for  this  instrument.  The  flew  tube  is  discussed  with 
the  fesk  Assembly. 
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B.1.5  Mask  Assembly  -  consiets  of  the  face  mask,  dual  inhalation 
exhalation  valve.,  tidal  air  flow  sensor,  and  trass  (chrome  plated)  tubing. 

The  complete  mask  assembly  should  be  periodically  disassembled  and  cleaned. 

The  air  flow  sensor  should  be  handled  with  extreme  care  -  especially  the 
sensing  filaments  should  not  be  touched.  It  may  be  possible  that  over  a 
period  of  time  a  thin  film  may  deposit  over  these  filaments,  which  in  turn 
vill  lead  to  a  decrease  in  sensitivity.  This  sensor  should  be  calibrated 
periodically,  and  when  the  sensitivity  drops  significantly,  the  sensor  whould 
be  replaced  (flow  tube  Type  K-28,  Hast, ings-Raydisl,,  Inc.  ,  Hampton,  Vu.  ) 

The  other  parts  of  the  mask  assembly  should  be  washed  vith  either  plain 
rater  or  with  appropriate  solv-J.t  to  remove  any  of  the  deposited  aerosol. 

Such  cleaning  should  be  done  as  required,  and  at  any  time  prior  to  the  use 
of  different  aerosol. 

B.1.0  Vacuum  Control  Assembly  -  consists  of  a  scries  of  ballast  tanks, 
a  regulator  au-i  a  filler.  It  is  essential  to  keep  this  assembly  free  of 
foreign  particles,  oil,  and  water,  to  prevent  clogging  of  the  capillary 
restriction  between  the  two  ballast  tanks,  and  also  clogging  of  the  restric¬ 
tion  and  pilot  nozzle  within  the  precision  regulator  (Model  44,  Moore  Products 
Co. ).  The  restriction  screw  may  be  readily  removed  for  cleaning  by  first 
removing  the  restriction  sealing  screw  in  the  center  c&stirg  and  then  the 
restriction  assembly.  A  set  6crev  wrench  is  provided  in  the  base  of  the 
casting. 


? 
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The  knurled  cleaning  wire  assembly,  also  mounted  in  the  base  of  the  casting, 
should  be  run  through  the  restriction  screw  several  times.  After  oleaning, 
the  restrictions  screw  must  be  turned  in  tightly  and  ite  sealing  screw 
replaced  to  restore  normal  operation.  Such  cleaning  operation  may  have  to 
be  done  one*  a  year  in  normal  operation. 

The  filter  (Part  So.  23CC,  ftore  Products)  entraps  oil  fog  from  instrument 
supply-air;  it  should  be  drained  periodically  (as  necessary). 

It  maybe  necessary  to  check  the  Itognehftl  i r  gage  periodically  against 
a  water  swnometer.  If  the  gage  can  not  be  adjusted  to  zero  and  if  its 
calibration  has  changed,  it  should  be  replaced. 


B.2  Trouble  Shooting 

The  following  list  of  tro»i>les  and  probable  causes  will  serve  as 
a  guide  in  correcting  malfunctions  that  may  arise, 

B.2.1  Petect£r_Clu^er_Vacuum  Control 

a.  Trcnble  -  detector  vacuum  control  cannot  be  established 

and/or  maintained. 

Possible  cause  - 

1,  Loose  connections  of  tubing  within  the  vacuum 
control  assembly.  Make  sure  that  all  tubes  are 
tightened  to  make  on  air  tight  seal. 

2.  Regulator  knob  (DETECTOR  CHAMBER  VACUUM  CONTROL) 
was  turned  to  far  in  either  direction,  follow 
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Steps  1  through  3  carefully  as  described  in 
Section  A.2,  Starting  Procedure. 

3.  feisture  collects  in  the  flowmeter  tifce  on  the  control 
panel,  hhke  sure  there  is  circulation  of  cold  water 
through  the  "moisture  trap".  You  nay  clean  out  the 
flowmeter  tvfce  with  a  pipe  cleaner. 

B.2.2  Electrometer  and/or  Detector  fel function 

a.  Trouble  -  flane  does  not  ignite 
Possible  cause  - 

1.  Flame  igniter  circuit  inoperative,  (be  sure  attenuator 
factor  switch  is  in  3Q.0  or  lever  positions  when  pushing 
flame  igniter  button,  and  the  power  a/itch  in  OPERATE). 
Check  lor  electrical  continuity  between  the  two  igniter 
posts  in  the  detector.  If  there  is  no  continuity, 
the  Igniter  filament  :'.s  burned  out  -  the  electrode 
assembly  must  be  removed  and  a  new  filament  (platinum 
wire  36  ga,  about  1-1/2  inch  long)  should  be  silver 
soldered  tj  the  igniter  posvs. 

2.  Hydrogen  line  may  be  plugged  or  hydrogen  may  be  supplied 
at  too  low  a  pressure.  Also  excessive  flow  of  "primary 
air*  may  prevent  ignition  of  the  flane.  At  least 
12  psig  hydrogen  pressure  generally  is  necessary  to 
ignite  the  flame. 


b.  Trouble  -  no  recorder  response  obtained  vben  amplifier 

ie  turned  to  STANDBY , 

Possible  Cause  - 

1.  Recorder  not  operating. 

2.  Amplifier  fuse  F3  burned  out. 

3.  Parer  Supply  burned  out.  Check  voltages  in  parer  supply. 

c.  Trouble  -  Recorder  cannot  be  seroed. 

Possible  Cause  - 

1.  Amplifier  required  warning  up. 

2.  Coarse  zero  adjusting  needs  resetting. 

3.  Parer  supply  faulty,  Check  for  proper  voltage  in 

parer  supply.  (C?'.  Figure  2h) 

It,  Shorted  viring  in  electrometer  stage. 

d.  Trouble  -  Recorder  responds  to  amplifier  zero  adjustment 
but  does  rot  respond  when  flame  Ignited. 

Possible  Cause  - 

1.  Detector  signal  cable  disconnected  from  electrometer. 

e.  Trouble  -  Excessive  noise  level  from  detector. 

Possible  Cause  - 

1.  Room  air  sampled  is  contaminated  either  with  the 
aerosol  or  some  other  organic  vapors. 

2.  Dirty  detector  or  gas  lines. 

3.  Dirty  detector  insulators  -  clean  the  electrode 
supporting  Teflon  disk  vith  camel  hair  brush  and 
methanol .  Clean  especially  around  tbe  anode  (collector) post 


k,  Loom  wiring  at  detector  -  check  noise  level  of 
electrometer  alone  by  disconnecting  detector  signal 
cable. 

f.  Trouble  -  Excessive  noise  level  of  electrometer  with 
detector  cable  disconnected. 

Possible  Cause  - 

l.  Line  voltage  transient. 

2.  Electrometer  input  components  dirty  or  moist. 

g.  Trouble  -  Electrometer  7,ero  varies  between  attenuation 
settings  of  XLP  and  XI  with  detector  signal  eSble  disconnected. 
Possible  Cause  - 

1.  Electrometer  grid  current  excessive.  Try  operating 
for  12  hours  in  STARDBY  position.  Then  recheck. 

2.  Electrometer  input  components  dirty  or  moist. 

.2.3  Signal  Coordination  and  Control  of  Counters 

a.  Trouble  -  Counters  (all  three)  are  actuated  when  the  counter 
switch  is  turned  "on"  prior  to  actual  operation  of  IAD. 

Possible  Cause  - 

1.  The  microevitch  located  in  the  "air  inhaled  recorder" 
is  actuated.  It  is  mechanically  actuated  by  the 
recorder-pen-mecfcanism  and  may  be  attributed  to 
dislocation  of  tbe  b shell te  can,  or  actually  excessive 
signal  from  tbe  tidal  air  flew  sensor  which  in  turn  le 
related  to  excessive  flow  of  air  through  the  mask  assesbly. 


b.  Trouble  -  Some  counters  do  not  respond 


Possible  cause  - 

1.  Counter  disconnected  electrically. 

2,  The  integrator  sending  the  pulsating  signal  is 
Malfunctioning  or  nay  be  damaged.  Examine  with  a 
simple  rolt  meter  for  pulsating  signal  from  the  integrator. 

e.  Trouble  -  Detector  response  is  different  on  "inhale" 
and  "exhale"  side. 

Possible  cause  - 

1.  The  sampling  capillary  tubes  are  not  sampling  the  same 
concentration  of  aerosol. 

2.  Follow  Steps  h  through  10  of  Operating  Procedure  to 
bring  the  signals  into  balance. 

d.  Trouble  -  The  "agent  retained"  recorder  does  not  indicate 
the  true  difference  in  signal  magnitude  as  is  shown  on 
"inhalation"  and  "exhalation"  recorders. 

Possible  cause  -  The  signals  have  been  thrown  off  balance 
by  turning  of  the  signal  coordination  control  knob  which  is 
located  Just  behind  the  mask  assembly.  Mike  the  necessary 
adjustment. 

e,  Trofcle  -  dir  inhaled  recorder  does  not  respond. 

Possible  cause  - 

1.  Sensor  disconnected  or  damaged. 

2.  Zero  adjust  knob  {front  panel)  was  turned  too  far 
to  the  left. 

1.  The  mass  flowmeter  sensitivity  adjustment  screw,  located 
inside  of  the  recorder  vas  turned  to  the  left- adjust 
where  necessary. 
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